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PREFACE 
The appl ication of remote sensing technology to the inventory 
and analysis of such important agricultural resources as cultivated 
crops, I ivestock, soils and water provides a useful tool for the 
proper al location of these resources by the agricultural land mana-
ger. So useful is multispectral imagery in the evaluation of culti-
vated crops, that a single volume"CULTIVATED CROPS, is justified. 
CULTIVATED CROPS, Volume I, is one of two volumes prepared for this 
research study entitled, "The Usefulness of Thermal Infrared and 
Related Imagery in the Evaluation of Agricultural Resources". 
Volume II, LIVESTOCK, SOIL AND WATER, contains an equally im-
portant discussion of the uses of multispectral imagery for the 
evaluation of these agricultural resources. The first part of 
Volume II discusses the various aspects of I ivestock inventory, while 
the second portion presents a combined discourse on similar research 
on the inventory of the soil and water resources. 
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ABSTRACT 
Multispectral imagery of the Sacramento Valley of California waS 
studied to determine its usefulness in the inventory and analysis of the 
cultivated crop resource. The appl ication of thermal infrared and con-
ventional imagery is discussed in relation to the determination of crop 
vigor, crop acreage, crop yields, as well as other future appl ica t ions 
of remote sensing techniques. The cultivated crops are different i ated 
by a dichotomous key into six major crop types: orchards, conti nuous 
cover crops , row crops, vineyards, irrigated pasture land, and fa l low 
and recently plowed fields. A comprehensive series of selective aerial 
photo crop identification keys, accompanied by feasibility ratings, is 
included to facil itate the inventory of the various crops of each major 
group . 
It is concluded from this limited study that the inventory and anal-
ys is of the cultivated crop resource from imagery flown at optimum specif-
ic a ti ons is feasible. The results also indicate that no one f i lm-fi Iter 
comb i na t ion or image type is best for the evaluation of the various culti-
vated crop types and conditions. However, considerably more i nformation 
can be obtained from interpretation of t wo o r more spectral bands in con-
cert than from anyone band alone. False color photographs can be made 
by an image enhancement technique which combines the unique spec t ral sig-
natures of objects from more than one spectral band; thereby increasing 
the interpretabil ity of the various features of each crop. Further stud-
ies are needed to quantify the gains from interpreta t ion of many spectral 
bands for the inventory and analysis of the cultivated crop resource. 
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THE USEFULNESS OF THERMAL INFRARED AND RELATED IMAGERY 
IN THE EVALUATION OF AGRICULTURAL RESOURCES 
VOLUME I - CULTIVATED CROPS 
I NTRODUCTI ON 
Managers of agricultural lands are continually in search of improved 
techniques to assist them in the management of their agricultural resources. 
To help fulfill this need, this Report seeks to explore the usefulness of 
thermal infrared and related imagery in the evaluation of agricultural re-
sources. 
Before demonstrating some of the pertinent uses of aerial photography 
for agricultural resource management, it is helpful to recognize the phases 
which intelligent management entails. These are: (1) inventory (determ in-
ing the quantity and qual ity of each agricultural resource in each portion 
of the area that is to be managed); (2) analysis (developing a plan based 
on this inventory, whereby each resource available in the area can be manip-
ulated so as to provide the maximum benefit for mankind); (3) operation 
(the day-to-day implementation of the management plan). 
In this Report the agricultural resources are organized into three 
major groups: Cultivated Crops, Livestock, and Soil and Water. Volume I 
contains the Cultivated Crops portion of the Report and discusses the 
various crop types and the possible appl ications of knowledge gained from 
the interpretation of thermal infrared and conventional photography. It 
is followed by a series of selective aerial photo crop identification keys 
accompanied by feasibil ity ratings . The cultivated crops are differentiated 
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by a dichotomous key into six major crop typ.es: (1) orchards, (2) contin-
uous cover crops, (3) crops, (4) vineyards, and (5) irrigated pasture. 
The sixth category, consisting of fallow and recently plowed fields, is 
included as portions of the other groupings. Within the section, each 
major crop type is treated as a separate unit. Volume II presents the 
Livestock and Soil and Water portion of this Report. 
Care was taken to concentrate the major part of this exploratory 
study on a rather small number of crop types and geographic local ities. 
This was done so that each could be studied with sufficient detail to 
permit the drawing of val id conclusions as to the feasibil ity of its being 
inventoried and analyzed from aerial photographs. Consequently, not all 
of the crops present in the study areas were investigated. 
Because of the great number of variables inherent in a study of this 
kind, most of the photography was taken with a single photo system, the 
Zeiss precision aerial camera, which has a focal length of 6 inches and a 
negative size of 9 x 9 inches. Thus, conclusions as to the optimum spe-
cifications for the inventory and analysis of agricultural resources are 
based mainly on the Zeiss photography. The Zeiss camera provides an av-
erage resolution on the negative of 40 1 ines per mil I imeter, which was 
weI I preserved on the prints (even in shaded areas) by LogEtronic printing. 
In addition, a great many film-filter combinations were employed in 
this study. Spectrozonal images in eighteen scanner channels, as weI I as 
conventional images, were obtained especially for the study. The conven-
tional photography included panchromatic, Aerographic Infrared (near infra-
red), Aerial Ektachrome, Ekta Aero Infrared (the infrared-sensitive Aerial 
Ektachrome) films. The appropriate Wratten f ilters were used when needed. 
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THE USEFULNESS OF AERIAL PHOTOGRAPHY FOR THE INVENTORY 
AND ANALYSIS OF CULTIVATED CROPS 
Among the specific applications of aerial photography and other remote 
sensing data that have proved to be of primary value in the management of 
cultivated crops are the following: 
1. Determining the Type of Crop Growing in Each Field 
It would be a poor farmer, indeed, who did not know, without benefit of 
aerial photographs, the type of crop he had planted in each field on his 
farm. But the price he will be able to command for each type of crop he 
is growing, and the extent to which consumer demand for that crop can be 
satisfied, will depend on the total amount of the crop being grown by 
all farmers in the area. Despite the valiant efforts which various 
crop-reporting agencies have made from time to time to acquire this vital 
information, either from questionnaires sent to the farmers or from di-
rect on-the-ground surveys, they have rarely obtained a satisfactory 
estimate. Returns from the questionnaires usually are either too few, 
too inaccurate, or too late. Returns from direct on-the-ground surveys, 
because of limitations of both time and funds, usually constitute too 
small a sample of the vast agricultural area of interest, to be used 
wi th confidence. 
While aerial photos and other .remote sensing imagery can be of 
great value in helping to solve this problem, it should not be inferred 
that the agriculturist can invariably determine the type of crop grow-
ing in each field merely by peering through a stereoscope or studying 
the read-out from a magnetic tape. One approach that has proved help-
ful to the agriculturist confronted with this problem of quickly inven-
torying all of the crops growing in a vast agricultural basin is the 
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following : 
a. Deve lop a syst em whereby, from photo interpretation supplemented 
b. 
by a very limited amount of field work, all agricultural crops 
in t he area of interest can be accurately classified into a few 
major t ypes, e.g., in many parts of the world the following six 
categories have proved to be both necessary and sufficient for 
this preliminary class i fication; (1) orchards, (2) vineyards, 
(3) row crops, (4) continuous cover crops, (5) irrigated pasture 
crops, and (6) fallow ground. 
Compile a list of all crops encountered in each of these classes 
within the agricultural area of interest. 
c. From a preliminary study of aerial photographs that show repre -
sentati ve examples of each of these crops, prepare a "key," 
setting forth the photo recognition features that differentiate 
each crop from all others of the same major crop type. In this 
step, it may be found that some crops are virtually indistinguish-
able, if sole reliance must be placed on the interpretation of so-
called conventional aerial photography; i.e., vertical photography 
taken at a scale of 1/20,000 at high noon, or thereabouts, on a 
midsummer day, using panchromatic fi 1m and a "minus-blue" filter. 
The crops may be readily distinguished, however, when (1) the 
photography is taken to some other economically feasible speci-
fications that vary either the angle of photography, the scale, 
the time of day, the film-filter combination, or the season of 
photography (in relation to the state of development of the crops 
that are to be identified) and (2) the photography is supplemented 
by other remote sensing imagery in the thermal infrared, radio-wave, 
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or ultraviolet portions of the electromagnetic spectrum. 
To illustrate this approach, let us assume that are are pri-
marily interested in detecting all fields devoted to the produc-
tion of alfalfa and oats in a vast agricultural basin containing 
a variety of crops, including grapes, tomatoes, almonds, navel 
oranges, wheat, alfalfa, oats, and irrigated pasture crops. With-
out the "key" approach, we might have great difficulty in stating 
exactly how the photo images of alfalfa or oats differ from those 
of all other crops with which they might be confused. But merely 
by using the first step of the key we are readily able to distin-
guish continuous cover crops (alfalfa, oats, and wheat are the only 
representatives in this example)from all other crops. This greatly 
simplifies our problem, for now, in attempting to identify alfalfa 
and oats we need seek only those photo image characteristics that 
will separate wheat, oats, and alfalfa. This still may be a for-
midable task, if reliance must be placed on conventional photog-
raphy, 'but it is a very simple task if we take the photos at the 
time when the oats and wheat are nearing maturity, using a 
Wratten 2S-A filter instead of a minus-blue (Wratten 12) filter, 
and incline the camera sufficiently to take oblique, rather than 
vertical, photos. In the vertical view it is the leaves of wheat 
and oats that are most conspicuous. The leaves of alfalfa will 
still be green, even at this late date, whereas the leaves of 
wheat and oats will be brown. Thus alfalfa can readily be distin-
guished as the only continuous cover crop that is green. However, 
since the leaves of wheat will be of almost exactly the same color 
and tone as those of oats, these two crops will register in the 
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same tone or color on vertical photos and therefore will be in-
distinguishable from each other. In the oblique view, however, 
it is the heads of wheat, and correspondingly the panicles of 
oats, that are most conspicuous. Since, as these crops near 
maturity, the heads of wheat are brown and the panicles of oats 
are yellow, the crops register in decidedly different tones or 
colors on oblique aerial photographs, and hence are readily 
differentiated by the trained photo interpreter. 
--- - ------1 
In some instances difficulty has been experienced in attempt-
ing to differentiate between row crops and continuous cover crops 
on aerial photographs. This is particularly true when the photo-
graphs, because of economic considerations, have been flown at 
small scales. In a few instances a solution has been provided 
by supplementing this imagery with that obtained with much longer 
wavelength of energy (e.g., energy in the thermal infrared or 
radio-frequency bands). For example, uniformly spaced row crops 
appear to "resonate" with certain of these longer wavelengths . 
Consequently the individual rows are readily distinguishable on 
this long wavelength imagery despite its inherently low over-all 
resolution. 
Determining the Vigor of the Crops Growing in Each Field 
There is no universal approach to determining crop vigor from 
aerial photographs or other remote sensing imagery. Areas of decidedly 
low vigor usually can be discerned with little difficulty, although 
even here the photo recognition feature may vary with the crop. For 
example, if most of the trees in an orchard crop are of uniformly large 
crown diameter, but in one area they gradually diminish in crown 
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diameter from the periphery to the center of a circular spot, a loss 
in vigor associated with some harmful condition centered at that spot 
is indicated. 
Similarly, in a continuous cover crop a loss of vigor may be 
indicated by a general sparseness of the stand, as compared with sur-
rounding areas. Photographically, this usually will be manifested 
as a tone difference. The soil is usually of lighter tone than the 
foliage; consequently, on panchromatic photography, the low-vigor area 
may appear abnormally light in tone because more bare soil is regis-
tered in that area than in the surrounding healthy area. 
In vineyards devoted to raisin production, the entire crop is 
commonly picked and the grapes are placed on drying trays situated 
between the rows of vines. To the extent that vigor can be measured 
from grape production, a count of trays made on aerial photographs of 
the vineyards provides such a measure, since 20 to 25 pounds of grapes 
normally are placed on each tray for drying. Hence, if relatively few 
trays are seen in a certain part of the vineyard, this indicates that 
vines in that area are of abnormally low vigor. 
Still another possibility for determining the vigor of crops is 
offered through photographically recording foliage reflectance in the 
near- infrared part of the electromagnetic spectrum. There is consider-
able evidence that the first photographic indicator of loss of vigor 
due to black stem rust (Puccini a graminis) on wheat or oats, or to 
Phytophthora citrophthora on navel oranges or to Phytophthora infestans 
on potatoes--to name only a few--is to be found in this near-infrared 
part of the spectrum (i.e., at wavelengths ranging between 700 and 900 
millimicrons) . The probable explanation for this is as follows: The 
---~--I 
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I very high reflectance of these near-infrared wavelengths by most 
tissue of a healthy leaf, being in a distended state and full of I 
healthy foliage is attributed to the fact that the spongy mesophyll 
I many airspaces, is a very efficient reflector of whatever radiant 
energy strikes it. Little visible light strikes the spongy mesophyll, 
I since chlorophyll, the green pigment concentrated in chloroplasts of 
I the palisade parenchyma tissue of the upper part of the leaf, absorbs blue and red light (for use in photosynthesis), while reflecting 
I green light. Radiant energy in the near-infrared range, however, is 
little affected by the intervening chlorophyll and hence passes clear 
I through the palisade parenchyma tissue and strikes the spongy meso-
an adequate flow of water to this spongy mesophyll to replace the I 
phyll with full force. So long as the plant remains healthy, there is 
I moisture that is continuously being lost from it through transpira-
tion. Hence, the cells in this tissue remain turgid and distended, 
nuch like a mass of inflated balloons, with air spaces between them, 
i.e., the mesophylll tissue remains spongy and highly reflective 
of the near-infrared energy that strikes it. But once the plant starts 
to lose its vigor (because of damage to the vascular tissues of its 
roots, stems, or leaves, and a consequent impairment of its ability 
I to translocate water), the spongy mesophyll soon collapses. As a re-
I 
suIt, there may be a great loss in the reflectance of near-infrared 
energy from the leaves almost immediately after the damaging agent has 
I struck a plant . Furthermore, this change may occur long before there 
is any detectable change in reflectance from the visible part of the 
I spectrum, since no change has as yet occurred in the quantity or 
I 
quality of chlorophyll in the palisade parenchyma cells. 
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To detect this change photographically, a film sensitive to 
thes e near-infrared wavelengths is used. Infrared-sensitive films 
are also s ensitive to much of the visible spectrum, yet to obtain 
maximum tone contrast between healthy and unhealthy foliage at this 
early date in the development of the disease, we should use only the 
near-infrared region where changes in light reflectance have occurred. 
Consequently, a deep red filter (the Wratten 89-B filter) is commonly 
used in conjunction with the infrared-sensitive film, since this fil-
ter effectively prevents the unwanted wavelengths from reaching the 
film. On positive prints made from this infrared-89-B photography, 
healthy plants consistently appear lighter in tone than do unhealthy 
plants. On panchromatic photography or conventional color photog-
raphy (e.g., Aerial Ektachrome) taken at the same date, however, 
little or no tone difference between the healthy and the unhealthy 
plants can be distinguishe~ regardless of the filter used in conjunc-
tion with the film. As the term panchromatic implies, this film is 
sensitive to all colors of the (visible) spectrum . Corollary to the 
fact that we cannot obtain a tone difference between healthy and 
diseased plants at this early date when using panchromatic or Aerial 
Ektachrome films, neither can we see a color difference with the 
naked eye. This leads t o the rather startling conclusion, already 
borne out by numerous tests, that early evidence of a loss of vigor 
in many plants can be seen more readily on infrared photography taken 
from an altitude of 2 miles or more above the earth's surface, than 
by the expert on the ground as he walks through the same fields. 
A specially-sensitized film known as Ekta Aero Infrared (some-
times referred to as "Camouflage Detection Film") is also useful in 
--- -_. - ----- ~---
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detecting differences in infrared reflectance. The visible red dye 
in this film is responsive to infrared wavelengths in the 0.7 to 0.9 
micron region. Hence healthy plants, being highly infrared-reflective, 
appear red, while the unhealthy plants do not. 
Eventually, the loss of vigor also leads to a reduction in the 
chlorophyll content of leaves and to an unmasking of the yellow pig-
ments (notably the carotenes and xanthophylls). By that time, the 
unhealthy plants exhibit a characteristic yellowish appearance, in 
contrast with the normal green plants; and this difference in spectral 
reflectance can be discerned on panchromatic photography taken with 
either a minus-blue (Wratten 12) or a light red (Wratten-25A) filter. 
Determining the Agent Responsible for a Loss in Crop Vigor 
As has just been explained, infrared photography is excellent in 
many instances for detecting a loss in crop vigor. It usually is very 
poor, however, as a means of determining which agent is responsible for 
that loss. The difficulty lies in the fact that a loss of near-
infrared reflectance can be caused by a tremendous number of damaging 
agents, including pathogens, insects, sun-scald, frost-bite, mineral 
deficiency, mineral toxicity, drought, and flooding. 
The problem, in any specific instance, of determining the agent 
responsible for a loss in crop vigor usually is not as hopeless, how-
ever, as the foregoing statement might imply. Any given crop growing 
in a particular locality usually experiences almost all its loss in 
vigor as a result of a single damaging agent. Once the identity of 
that agent has been established by careful, on-the-ground checks, 
further mapping of vigor losses by means of photographic tone differences 
seen in that crop is tantamount to mapping damage done by the one 
responsible agent. 
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In a few instances, the first photographic evidence of a loss 
of vigor in plants consists, not of a decrease in infrared reflec-
tance, but of an increase in yellow and red reflectance. Further-
more, in at least one instance (that of the powdery mildews which 
cover the leaf's surface with glistening hyphae), there is initially 
an increase, rather than a decrease, in infrared reflectance. While 
this may complicate the problem of detecting a loss in crop vigor , 
in any local area it may facilitate both the identification of the 
crop and the determination of agents responsible for the vigor loss. 
For example, in Table 1 the first photographic evidence of a 
loss of vigor for certain plants studied in California has been 
listed, together with an indication of the main factor responsible 
for the vigor loss. If we consider the photographic tone value for 
healthy plants (as listed in this table) to be the standard, we will 
note that in some instances the earliest photographic departure 
from the standard is in the visible part of the spectrum. A probable 
explanation for the "tone signature" exhibited by each crop and condi-
tion class also is given in the table. 
If, as suggested in Table 1, we determine by photo interpretation 
the tone values on "multiband photography" (in this case the 0.5 to 
0.7 micron band used in taking Pan-25A photos, together with the 0.7 
to 0.9 micron band used in taking the Infrared-89B photos), we can go 
farther in determining agents responsible for a loss in crop vigor 
than if either band alone had been used. 
Estimating Crop Acreage 
A vertical aerial photograph of flat terrain is truly a map. On 
it acreages can be accurately measured, once the scale of the photograph 
r-
----~ --.-- -
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Table 1. The Use of Multiband Tone Signatures in Identifying Crop Conditions and Crop Types 
Condition and Type Tone of Crop on Probable Explanation Tone of Crop on Probable Explanation 
of Crop Pan-2SA Photos for the Pan-2SA Tone IR-89B Photos for the IR-89B Tone 
Healthy Wheat, Barley, A large amount of chloro- Turgid spongy meso-
Corn, Alfalfa, Potatoes Dark phyll is present; it ab- Light phyll is highly re-
and Orange Trees sorbs red light for use flective 
in photosynthesis 
Rust-Infested Wheat Dark Same as above during Dark Spongy mesophyll 
early stages of infes- is not reflective 
tation because its cells 
have lost turgor 
Downy Mildew-Infested Same as above during 
Potatoes Dark early stages of infes- Dark Same as above 
tation 
Root Rot-Infested Same as above during 
Orange Trees Dark early stages of infes- Dark Same as above 
tation 
Powdery Mildew-Infested Little or no chlorophyll Spongy mesophyll 
Barley Dark is present; hence highly Very Light remains turgid and 
reflective carotenoid reflective; surface 
pigments are unmasked hyphae also highly 
reflective 
K - Deficient Corn Light Same as above Light Spongy mesophyll remains turgid and 
reflective 
K - Deficient and Spongy mesophyll is 
Cercospora-Infested Light Same as above Dark not reflective be-
Alfalfa cause its cells have 
lost turgor 
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is known. Although aerial photographs are rarely vertical (an aver-
age of about one degree of tilt from the vertical is cornman) and al-
though agricultural land is rarely perfectly flat, experience has 
shown that, even by ignoring these complications, the acreages of 
agricultura l fields commonly can be measured to within one per cent 
of their correct areas, on conventional aerial photography. Even 
if the photos have more than a few degrees of tilt, true maps can 
readily be prepared from the photos through the use of modern stereo-
scopic plotting equipment. Acreages can then be accurately measured 
from the maps. 
Once the fields have been outlined either on the photos or on 
a map, the acreages wi t hin irregularly shaped fields can be deter-
mined by any of the following means: 
a . By using a polar planimeter, the pointer of which can be made 
to trace out the perimeter of the field and thus actuate a dial 
on which area can be read directly. 
b. By using, as an overlay to the photos or map, a suitable trans-
parent plastic template. The template contains either a dot-
grid or a system of line-transects, so constructed that each dot 
on the grid or each unit of length of line on the transect 
represents, say, one-tenth of an acre at the scale of the photos 
or map. By laying this template randomly over the photos or map, 
and by then counting all the dots or measuring all the line tran-
sect units within the field boundary, the area of that field is 
readily determined. 
c. By using scissors or a razor blade and actually cutting out each 
field, as portrayed on the photos or map, and then determining 
j 
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its weight with a suitable balance or scale. Once the scale of 
the photos or map is known, a square representing a convenient 
area (e . g., 10 acres), also is cut out of the same material and 
weighed. This provides a conversion factor for computing the 
field acreages from the paper weights. 
5. Estimating Crop Yield 
The crop yield in a field ordinarily is determined photogram-
metrically by determining both the yield per unit area and the acre-
age, and then making the indicated computations. 
In special instances, crop yield estimates can be made reliably 
directly from interpretation of the photos, with little or no field 
work being required. One such special case already has been mentioned, 
that of counting each raisin tray in a vineyard and knowing from ex-
perience that each tray contains 20 to 25 pounds of grapes at the start 
of the drying period and 4 to 5 pounds of raisins at the end of the dry-
ing period. Ordinarily, ground checking must be used, however, to ob-
tain a reliable measure of the yield of crop per unit of field area. 
The importance of being able to estimate raisin yields by means 
of aerial photography can be better appreciated in the light of the 
following brief statement as to the nature and purpose of a raisin-lay 
survey. Such a survey is a determination of (1) the acreage of vine-
yards within which grapes have been harvested for raisin production 
and (2) the total fresh weight of these harvested grapes. In the San 
Joaquin Valley of California, both raisins and brandy for dessert wine 
commonly are produced from the same variety of grapes. The raisin 
grapes are laid out for drying several weeks before the grapes for wine 
production are harvested. If, in any given year, the quantities of 
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grapes devoted to raisin production and to wine production can be made 
to conform to demands, the needs of the consumer will be better met 
and the producers will realize greater profits. From the information 
obtained through raisin-lay surveys that are made several times during 
the harvest period, the rate at which raisins are being made can be 
determined and compared with a predetermined optimum rate. Grape 
growers and the producers of wine and raisins can use these periodic 
reports, during anr given harvest season, (1) to determine whether too 
many or too few grapes are being laid to supply the raisin market, with 
a resulting imbalance of supply in the wine market, (2) to make unof-
ficial forecasts of the total raisin production for the season , and 
(3) to estimate what quanti ty of grapes will be available t hat s eason 
for wine production. With the aid of these surveys, both the grape 
and wine industries can be operated on a more stable and profi table 
basis. 
Until recently raisin-lay surveys were attempted strictly by means 
of on-the-ground observations. Since nearly 1000 square miles of 
vineyards hadto be sampled, these methods proved to be too slow, too 
expensive, and too inaccurate. The present procedure, employing aerial 
photography overcomes these difficulties. As presently to be described, 
the photos are taken on each of seven suitably spaced dates during 
the raisin-producing period so that a determination can be made of when 
enough raisins have been produced and the remainder of the crop saved 
for wine crush: Beginning at about 10 a.m. on each of the seven selected 
dates, a photographic aircraft begins systematically to photograph the 
entire raisin-producing area from an altitude of 17,000 feet. Approxi-
mately four hours later the photography has been completed. Once the 
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photographic plane has landed, the film is promptly processed and a 
* short time later, photo interpreters start counting raisin trays. 
Even though limiting their counts to small sample areas, they work 
throughout the night counting trays on the photographs so that pro-
ducers can be given the needed information by the following morning. 
In one recent year, the accurate information thus provided is cred-
ited by the producers with having saved them five million dollars, 
and each year the making of seven such raisin-lay surveys is considered 
to be an eminently worthwhile effort. 
If the crop in a field appears on aerial photographs to be uni-
formly healthy and vigorous throughout, it probably also has a uni-
formly high yield throughout. One simple procedure for estimating the 
total yield from such a field is to visit the field on the ground as 
the crop nears maturity, measure the yield per unit area in each of 
several small sample plots randomly located in the field, calculate 
from these measurements the average yield per acre in the field, and 
multiply the last figure by the total acreage as measured photogram-
metrically. 
There are at least three conditions under which crop yield esti-
mates can become more complicated than in the simple instance just 
cited: 
a. When the crop in the field is not uniformly healthy or vigorous. 
The remedy is to delineate each significant vigor class on the 
photos, determine the acreage in each vigor class photogram-
metrically, make field measurements of yield by vigor classes, and 
An alternate method is sometimes employed: the photo interpreter does 
not attempt to count the trays, but merely to determine, for each vineyard 
i nterpreted, whether trays were already present at the time of photography. 
Sample tray counts are then made on the ground. 
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from these data compute the yield in each vigor class. Then by 
mere summation, yield for the entire field is readily calculated. 
b. When the crop is not accessible enough to permit field measure-
ment of yie ld. This is not as commonly the problem of a civil 
photo interpreter as it is of a military photo interpreter who is 
examining aerial photographs of enemy-held territory. One reme-
dial approach to the problem is that of obtaining similar aerial 
photography of a limited number of similar fields in an accessible 
region, measuring yields in the accessible fields, and by photo-
image comparison, applying these yield figures, crop-by-crop and 
vigor .class-by-vigor class, to the inaccessible fields. 
c. 
---"----" 
When the estimate of crop yield must be a forecast made several 
weeks or months before the crop matures. The U.S. Department of 
Agriculture and the Crop and Livestock Reporting Services of the 
various states are among the agencies that commonly require this 
information. One long-range approach to this problem is as fol-
lows: On the approximate date when the yield forecast must be 
made each year, aerial photography is taken, year after year, of 
selected test areas in which several representative fields of 
each ~rop of interest can be found. Also year after year, as 
these crops mature, measurements are made of the yield actually 
obtained in each field. Each yield figure eventually is correlated 
with the corresponding photo image of the field as seen on the 
aerial photography made earlier in the same season. By this means, 
the photo interpreter is able to compile, over a period of years, 
a "key," consisting of photo examples of fields as seen on the 
date when a forecast must be made, and also showing for each such 
- - - -----_._----
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example the yield per acre actually obtained from the field later 
in the same year. Then, in attempting to forecast yield in any 
s ubsequent year, the photo interpreter has aerial photography 
taken to the same specifications and on the same day of the year 
as that for which he has prepared his key, and covering the fields 
for which a forecast must be made. By w~tching each field, as 
seen on this photography, with one of roughly comparable photo 
appearance as seen in the "key," and by knowing the yield per acre 
that was obtained in the "key" example, he computes the probable 
yield for the field in question. 
The usefulness of aerial photography for the measurement of 
crop yields is also demonstrated in the following evaluation of 
soil drainage problems on agricultural lands. To prevent irrigated 
land from developing an alkaline condition in the study area near 
Fallon, Nevada, care must be taken to keep the water table from 
rising closer than four to five feet from the surface. If the 
water table becomes too high, salts move to the surface and cause 
greatly reduced crop yields, or in some cases completely prevent 
the desired crop from becoming established. 
To keep the water table below the damaging level, canals 
are dug to carry off water draining from irrigated fields. These 
drainage canals often parallel the irrigation canals; a dual sys-
tem that can be quite easily identified on aerial photography. 
The two types of canals are easily differentiated. Irrigation 
canals are constructed above the fields they irrigate, and drain-
age canals are dug below the ·fields they drain. Due to suspended 
sediment in the irrigation water, the water in the canals appears 
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lighter in tone on panchromatic photography than the drainage 
water from which the sediments have been filtered by the soil. 
Additionally, the photo interpreter often can distinguish 
between low crop yields caused by alkaline conditions and low 
yields caused by drainage problems such as sandiness. Figures 1 
through 3 illustrate and further discuss the usefulness of aerial 
photography for the intelligent management of agricultural lands 
which have low crop yields caused by improper drainage conditions. 
For most crops, the accuracy with which yield estimates can 
be made photogrammetrically is improved if we know two things: 
the agent responsible for a vigor loss, and the time during the 
development of the crop when each portion of the field first suf-
fered a vigor loss. Means for determining the importance of the 
latter are provided through the flying of several photographic 
missions over the same agricultural area at appropriate intervals 
during development of the crop. Such an approach is only of lim-
ited value during the first year in which it is employed. However, 
after two or three years of relating photo appearance to eventual 
crop yield (on a field-by-field basis) a valuable backlog of ex-
perience is acquired. It then becomes possible to "calibrate" 
eventual crop yield on the basis of photo image appearances at 
properly selected dates during crop development. A specific ex-
ample of this technique is shown in Table 2. 
Another example of the importance of relating the time factor: 
black-stem rust on wheat was found by Colwell (1956) to cause nearly 
a 90% yield reduction on portions of a field infested three weeks 
before first heading, but only a 10% yield reduction on portions 
--------~ -- ~ 
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~rigation-Drainage System f or Agricultural Lands with Poor Drainage Conditions 
Fallon, Nevada 
Canal "A" contains light-toned irrigation water; canal 
liB" contains dark-toned drainage water. When viewed 
stereoscopically it can be seen that the irrigation canal 
is raised above the level of the fields, while the 
drainage canal is below the level of the fields. (For 
imp l ; ca t;ons of such a sys tem , refer t o t he text. ) 
Figure 
Irrigation water appears I ight in 
tone on the adjacent Panchromatic 
photography. (See canal "A"). 
Dr a inage water appe ars dark in tone 
on the adjacent Panchromatic photo-
graphy. (See cana I "B") 
-
- - - - - - - - - - -
~fec t of Alkal inity on Crop Yield 
Fallon, Nevada 
Areas of low crop production due to al kal inity caused by poor 
drainage on irrigated land have an irregular and characteristic 
outl ine which is easily discriminated from the meander patterns 
of stream-bed sands. In most cases on irrigated land a 
change in species composition is associated with the alkaline 
condit ion; on very sa ndy so il the species does no t cha nge, 
t he vege t ation is only sparser and less vigo rous. 
Figu re 2 
- - - - - - -
Gr ound photo of mature barley f rom 
point "B". At the t ime of the adjacent 
aerial photography , the area supporting ' 
the green weeds wa s devoid of vegetation . 
GfbUnO pnbto ot irrigated alfalfa 
ta ken f rom point "A". Area in right 
fo reground is alkal ine and will not 
s upport alfalfa; sal t grass i s shown 
growing in the area . 
--; 
-
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Effect of Sandy Soil on Alfalfa Yield 
Fallon, Nevada 
The old stream meander patterns in the above ae r ial photos of 
an irrigated alfalfa field are easily identifiable because 
of reduced crop yield. Old stream courses are sandy, and 
do n0t retain adequate moisture to permit normal alfalfa 
growth. Average alfalfa production within old stream course: 
420 pounds per acre. Average alfalfa production for the 
remainder of the field: 3580 pounds per acre. 
Figure .3 
- - - - - -
.. 
Ground pI- +- .. ake'l rr m po in t IIA" 
srowing alfalfa fi e ld before cut t in g . 
Ground photo of s ame a rea showing 
the alfalfa being cut prior to 
gathering of yield data. 
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Table 2. An Example of the Use of Remote Sensing Techniques to Provide 
Successive Predictions, During Crop Growth, of the Maximum 
Yield Obta~nable, Field-by-Field 
Note: In this example, a rice field is photographed from the air on each 
of four selected dates during development of the crop. Immediately after 
each mission has been flown, the photo interpreter attempts to predict the 
maximum yield obtainable. As various events occur during the growing period, 
it becomes necessary for him to revise his yield estimate. Nevertheless, 
agricultural statisticians make important use of each of his periodic yield 
estimates. 
Step 1: Photo interpretation of "tone signatur e" on the earliest photography 
flown identifies this as a rice field in which the "Nato" variety is being 
grown, rather than "Saturn," which is the only other variety commonly grown 
in the area. 
Step 2: Photogrammetry, when applied to the earliest photography, establishes 
that the field in question has an area of approximately 16.6 acres. 
Step 3: Reference to previously compiled "ground truth" shows that the 
maximum per acre yield of "Nato" rice within the geographic area where this 
field is located, is approximately 6,000 pounds per acre. Therefore, at 
this early date in crop development, the maximum yield obtainable i s estimated 
to be 16.6 x 6,000 = approximately 100,000 pounds. 
Step 4: Photo interpretation of the second mission flown reveals that 
approximately 10% of the total field remains devoid of rice plants, due 
partly to inadequate seeding and partly to inadequate cultivation. Therefore, 
the estimate of maximum yield is reduced to 90% of 100,000 = 90,000 pounds. 
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Step 5: Photo interpretation of the second mission flown reveals that the 
entire field was invaded by leaf blast disease to a moderate extent, approxi-
mately four weeks before first heading. Reference to previously compiled 
"ground truth" shows that such an attack occurring at that stage in the 
development of the crop usually reduces the yield of Nato rice by about 20%. 
Therefore, the predicted maximum yield is further reduced by 20%, leaving a 
potential maximum yield of BO% of 90,000 = 72,000 pounds. 
Step 6: Photo interpretation of the fourth mission reveals that the rice 
plants in this field suffer little, if any, from "rotten neck" disease (which 
.. 
usually follows "leaf blast" disease, since both diseases are caused by the 
same fungus). However, photo interpretation clearly shows that approximately 
25% of the total field became severely lodged by a windstorm that occurred 
approximately two weeks before harvest time. Reference to previously com-
piled "ground-truth" shows that at this late date in the development of the 
crop, the rice panicles (inflorescences) should be nearly mature and the 
kernels should be BO% filled out by the time when lodging and stem breakage 
interrupted the seed-forming process. In addition, reference to previously 
compiled "ground truth" shows that the harvesting equipment and techniques 
used in this agricultural area permit 90% of the lodged grain panicles to be 
harvested, even though blown to the ground. This combination of factors 
suggests a further yield reduction, so that the predicted yield of rice to 
the field finally is as follows: 
(a) For the 75% of the field that is unlodged: 
0.75 x 72,000 = 54,000 pounds 
(b) For the 25% of the field that is lodged: 
0.25 x O.BO x 0.90 x 72,000 = 12,960 pounds 
Therefore, the total estimated yield is 54,000 + 12,950 = approx. 67,000 pounds. 
r-- - " -" 
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I i nf ested only one week before fi rst heading. 
I One means of det ermining when each portion of the field has 
become infested is by flying several photographic missions over 
I the fields of interest whi l e the crops are developing and deter-
J 
mi ning by pho to interpretat i on t he areal extent of the disease 
on each date. Another means , suggested by Figure 4, is provided 
I I 
I 
by the previously ment ioned technique of multiband reconnais-
s ance. In thi s examp l e, t he concept has been extended to encom-
I I' I , pass three spectral bands instead of two. From a study of tone 
1 si gnatur es provi ded by two of these bands (.64 to .72 and .79 to . 90) we can dis tingui sh t hree crop condition classes (1) heal thy, 
I J (2) recent ly infested, and (3)previously infested. Thus we may 
be abl e t o obtain from one photographic mission vital information 
I I 
I t ~ 
(for yi eld es t i mat ion) that might otherwise have required at 
l eas t t wo phot ographic miss ions . By use of the third band (.38 
• 
t o .46 microns ) we can make another important distinction--one 
that is not det e r minable when only the other two bands are used, 
i . e ., di s eas ed foliage f rom bare soil. In predicting yields of 
t sugar beet f ields this latter distinction is an important one to 
t 
make, since bar e soil usually results not from disease but from 
poor planting and cuI ti vation techniques. "CuI ti vator blight," 
r 
(as t his l ast category is called) , does not spread through the 
f i e l d with the pass age of time, while disease does. Hence the 
J ne ed for dis tingui shing bet ween the two in order to predict crop 
1 
yi eld f or a large area is obvious. 
In the examples of mul t iband reconnaissance that have been 
I ! 
given, two bands were f ound to be better than one and three bands 
~ J 
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Figure 4: An illustration of the usefulness of the technique of multiband reconnaissance 
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I 
were found to be better than two. The question then arises of 
I whether still more information could be obtained if more than 
I 
three bands were used. Numerous tests have been made to deter-
mine how many bands might be useful to the agriculturist. The 
I results of each test are meaningful only when specific details 
are given as to the test objectives. However, one generaliza-
I tion that appears to be warranted is that, while four bands some-
I 
times are better than three, and occasionally five bands are 
better than four, a further increase in the number of bands yields 
I little or no additional information. These statements are based 
on the presumption that only the spectral range in which photo-
I graphic films ordinarily can be used directly as the sensors (the 
I 
0.3 to 1.2 micron spectral range, approximately) is under consid-
eration. As previously indicated, there is evidence that a lim-
I ited amount of additional information desired by the agriculturist 
can be obtained occasionally when sensing is also done in the ther-
I mal infrared or microwave region. 
6. Other Current Applications 
• I Additional applications of aerial photography and other remote 
I sensing imagery currently being made by agriculturists are the follow-ing, none of which will be discussed in detail because of space limita-
I tions: 
a. Making detailed photo interpretation studies of agricultural areas 
I to determine which spots need erosion control, weed control , fenc-
I ing, soil amendment, or other remedial measures. b. Making studies to determine areas in which farmers already have 
I taken remedial measures and thus have qualified to receive federal 
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benefit payments. Since these payments commonly are made on a 
per acre basis, the acreage of each area in which a remedial mea-
sure has been taken also is determined from the photographs. 
Making agricultural land-use studies that will be of interest to 
agricultural economists and agricultural geographers. 
Making farmland appraisals for use by taxation authorities. 
Making rapid and accurate damage assessments following such nat-
ural disasters as floods, hurricanes, tornadoes, fires, and se-
vere epidemics of insects and pathogens. 
Making surveys in large agricultural areas of the total farm 
animal populations found there. Such surveys may estimate the 
number of each broad type of animal (cows, horses, pigs, sheep, 
fowl, etc.), the breed within each type, and in special instances 
the ratio between the sexes, and also the general conformity 
(shape, fatness, etc.) of each animal as a measure of its vigor, 
nutritional state, and marketability. Since such livestock sur-
veys commonly encompass wildland areas as well as farm lands, fur-
ther details are reserved for a later section. 
Future Applications 
As indicated by some of the preceding examples, certain kinds of 
information desired by agriculturists through the medium of remote 
sensing are best obtained when sensing in one particular band of the 
electromagnetic spectrum; other kinds, in some other band. It has 
been shown, in consequence, that a greater amount of information is 
obtainable if two or more aerial cameras or other remote senSing devices 
are used, each especially adapted to sensing in its own spectral band, 
than if reliance were to be placed on either of the sensors alone. 
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The task of comparing tonal values on each of several spectro-
zonal photographs, however, can be a very wearisome one. Aerial color 
photography, by mechanically integrating tonal values in each of three 
spectral zones can greatly facilitate the making of tonal comparisons. 
Commercially available color films are of several types, but all of 
them present to the interpreter a composite image, the hue, value, and 
chrome characteristics of which are dependent upon the light reflec-
tance characteristics (usually in three separate spectral zones) of 
the objects photographed. Agriculturists have made only limited use 
of aerial color photography to date. However, its potential value, 
in terms of future applications of spectrozonal photography are very 
great, as illustrated by the color photographs included in this Report. 
It 1s apparent that full-color images comparable to those shown 
in this Report could have been made by a different process. Specifi-
cally, by proper choice of black-and-white films and of accompanying 
filters, three separate black-and-white negatives could have been ob-
tained in spectral zones corresponding to those for which the three 
dyes of the color film have been sensitized. The tonal densities of 
an image on the three black-and-white negatives would then have gov-
erned the intensities of corresponding colors on the composite color 
image. This suggests the possibility of forming a composite color 
image which would integrate the tone characteristics of six black-and-
white spectrozonal negatives, instead of merely three. In fact, this 
is now being attempted experimentally, somewhat as follows: From a 
study of tone characteristics on each of a large number of simultan-
eous exposures, all but six of the spectrozonal negatives are dis-
carded because, on those discarded, the tone values for objects 
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that are to be identified differ the least from tone values of other 
negatives in the series. The remaining six are paired off to consti-
tute three pairs of negatives. Obviously, if the two negatives of a 
pair exhibited exactly the same tone characteristics, there would be 
no gain from using the two of them instead of merely one. Since it is 
therefore the differences in tone between the two members of a pair 
that most likely will lead to the correct identification of objects, 
the negative transparency of one member of each pair is superimposed 
on a positive transparency that has been made from the other member 
of the pair. When the two transparencies are in proper register and 
light is directed through them, the bright images of one transparency 
are exactly offset by the dark images of the other transparency, except 
for objects having differences in reflectance in the two spectral bands 
that were used in obtaining the two spectrozonal photographs. Exploit-
ing only these differences a composite black-and-white negative is 
made from each of the three matched pairs. The three resulting compos-
ite negatives thus highlight differences in light reflectance in a total 
of six spectral zones. These three composite negatives are then used 
to reconstitute a full color image, simply by having each negative 
govern the intensity of one of the three primary colors of the compo-
ite color image. Although the images of objects, as seen on the result-
ing color photograph, may be Qf vastly different colors from the orig-
inal objects themselves. Identification of the objects from their spec-
trozonal characteristics can be greatly facilitated by this process. 
Itek Corporation has already made good operational use of a pro-
cedure somewhat similar to that just described. In their process, how-
ever (Walker, 1963), all but three of the spectrozonal negatives are 
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rejected and thes e are paired with one another in various combin-
at ions to obta i n t I-e compos i te ne ga t i ves used for recons t i tu t i ng 
the ima ges in full color. 
Image enhancement by color projection of multispectral images 
is a useful tool in the evaluation and analysis of agricultural crops. 
This tech nique is illustrated in Figures 5 and 6, showing enhanced 
imagery of a portion of the Davis study area. Below is a chematic 
diagram of the area that has been enha nced for this Report. Some 
of the feat ures in the area are numbered and label led below the 
diagram. 
, ~ I 5 
6 
5 4 3 2 1 8 
7 
7 ill 
( I ) Orchard (5 ) Recently plowed field 
(2) Recentl y cut alfalfa (6) Row crops (carrots) 
(3) Recently cut barley (7) Recently planted field 
(4) Continuous cover crop (tomatoes) 
(mature bar I ey) (8) Fallow field 
Elsewhere in this Report it is demonstrated that Black-and-
white photo-like images can be obtai ned by remote reconnaissance 
-"-_ ... , . 
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I Projection 
Spectral Band Filter 
I 
.8 - 1.0 Wratten 50 
I (dark blue) 1.5 - 1.8 Wratten 70 
(dark red) 
I 8~0 - 14.0 Wratten 73 (dark green) 
I 
I 
I 
I 
.8 - 1.0 Wratten 99 
(green) 
I 1.5 - 1.0 Wratten 50 (dark blue) 
I 8. 0 - 14.0 Wratten 72B (1 i gh t red) 
I 
I 
I F i gu re 5: Imag-e enhancement by color projection of multispectral images. 
I 
I 
I 
I 
I - 33-
I 
I 
I 
Projection 
Spectral Band Filter 
.8 - 1.0 Wratten 50 
I (dark blue) 
1.5 - 1.8 Wratten 72B 
I (1 i ght red) 8.0 - 14.0 Wratten 99 
I 
( green) 
I 
I 
I 
I .8 - 1.0 Wratten 73 (olive) 
1.5 - 1.0 Wratten 50 
I (dark blue) 
8.0 - 14.0 Wratten 70 
I (dark red) 
I 
I 
I 
I Figure 6: Image enhancement by color projection of multispectral images. 
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not merely in the visible and very near infrared parts of the 
electromagnetic spectrum, but also in the heat-mapping infrared, 
ultraviolet and radio-radar bands. It is probable that fn the 
near future agriculturists will be among those finding important 
appl ications for imagery obtained by se~sing · i~ these other 
parts of the spectrum. Already it has been demonstrated, for 
example, that the earliest remote-sensing evidence of disease 
on some crops appears on ultraviolet imagery, that the level of 
grain in a silo is detectable only on thermal infrared imagery, 
and that the depth to a water table or aquifer somet)mes is 
detectable on imagery obtained in microwave bands, but on no 
other kind of remote-sensing imagery. 
----'---- - _. -
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~THERMAL INFRARED IMAGERY OF CULTIVATED CROPS OF 
DAVIS AREA, CALI FORNIA 
Scale: 1/55,000 Early Summer Seasonal State 
The thermal infrared imagery shown below was taken in the 8-14 
micron portion of the electromagnetic s pectrum. Various cultivat~d 
crops and other features that appear on the \magery are noted to the side. 
___ Tomato Field 
~_- Corn Field 
___ Wheat Field 
Alfalfa Field 
St ream 
__ - Gol f Course 
__ -H ighway lined with tall trees 
... __ ---- Whe at Fields 
--S treet pattern in Davis 
_----t----- 0 rcha rd 
---------.:........------- -- _. 
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I THERMAL INFRAFRED IMAGERY OF THE IMPERIAL VALLEY, CALIFORNIA STUDY AREA 
I To explore the supplementary value of imagery that is obtained when using 
I 
much longer wavelengths of energy than that of conventional photography, por-
tions of the Imperial Valley of California were studied as imaged with a 
I Reconofax-4 sensor operating in the thermal infrared portion of the electro-* magnetic spectrum (8 to 14 microns). A segment of one flight line is illus-
I trated and discussed here with respect to signature anomalies and the area 
covered. 
I The farming area of the Imperial Valley is characterized by a variety 
I of agricultural practices and crops, all of which are based on an extensive irrigation and drainage network. Indeed, the complex pattern is one of the 
I most conspicuous features of this imagery. Since, at the time of reconnais-
sance, exposed water surfaces were warm relative to their surroundings, 
I the natural and manmade waterways appear noticeably white. On the smaller 
I scale example (Figure 7A) exposed water surfaces having relatively large dimensions stand out to show the New River, uncovered municipal reservoirs 
I and fields being flood-irrigated. Also apparent on the smaller scale imagery 
are features such as eucalyptus trees, roads, and a variety of cultural 
I features such as cemeteries and a city dump. Apparent because of their extreme 
I dark tones are the buildings found within the area. This dark tone was most pronounced on buildings having shiny metal roofs which reflected, to the sensor, 
I cold temperatures of the sky. 
On the larger scale example (Figure 7B) small detail becomes evident. 
I Individual irrigation canals and drains are easily recognized with crossovers 
I * This unclassified imagery was made available through the kindness of 
HRB Singer, Inc. of State College, Pennsylvania. 
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and bridges quite distinguishable. Small reservoirs and individual trees 
are visible because of their light tones, and buildings and other struc-
tures because of their dark tones. 
Crops and agricultural practices in the area show a variety which is 
to be expected under intensive farming conditions . Many fields are alter-
nately planted in at least two types of crop each year. In addition crops 
such as alfalfa produce several harvests a year. At the time this imagery 
was flown, agriculture in the valley was undergoing a seasonal change-over. 
The summer crops, such as cotton and milo, had either been harvested or were 
nearing the harvest stage. Those fields which had been harvested were either 
undergoing preparation or were already planted with such winter row crops as 
lettuce and broccoli. 
Cotton, at the time of imagery, was in a mature stage, with picking 
expected to begin within two or three weeks. The plants at maturity are 
about three feet high, and in the Imperial Valley form a continuous cover 
when planted according to one scheme ,. or form alternating bands of cover 
and exposed soil when planted according to a second pattern. The first 
method appears on the larger scale example (Figure 78) and the dense, dark 
green foliage has a medium to dark grey tone and a wavy texture (1). On 
the smaller scale imagery (Figure 7A) this same field has a dark grey to 
a very dark grey tone and a fine texture (1). The second planting scheme 
is illustrated by a pattern found elsewhere on this image (2). 
Also shown on the larger scale image are two fields of alfalfa. Lying 
at the north end of the image, these fields appear medium in tone with 
blotches and flooding channels easily observable (3). The more western 
field of the two is undergoing flooding at the time of overflight as evi-
denced by the "tassels" appended to the adj acent canal. On the smaller 
- _. - _. --------
I - 38-
I imagery these fields retain the same tone and blotchiness, but the irri-
gation ditches are only faintly visible (3). Another field of alfalfa I shown in Figure 7A has similar tone and pattern characteristics without 
I the blotches (4), while a third, located on low ground near the New River, 
has no noticeable pattern and is darker in tone than the others (5). 
I Alfalfa fields in the Imperial Valley are usually rotated to other crops at 
three-year intervals. Also, alfalfa in the study area is harvested four to I seven times each year. Thus, it is difficult to determine the stage of 
I development of the alfalfa by using aerial photos. A more detailed discus-
sion of cotton and alfalfa appears in the continuous cover crop port i on of 
I this Report. 
Most of the remainder of the area shown in Figure 7B was either fallow 
(11), in preparation for planting, or was recently planted in tomatoes (7), 
lettuce, or broccoli (8, 9, 10). In any case there was a considerable amount 
of exposed soil present . The tones of these fields vary from light to dark 
I on the large scale imagery, and from medium grey to black on the smaller scale 
example. 
I Another agricultural activity which is very apparent on the large scale 
I imagery is a cattle feed lot (6). It is also labeled by a 6 on the small 
scale imagery. An extensive discussion of this feature is included in the 
I livestock section of this report. 
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Thermal Infrared Imagery 
Imperial Valley, Cal ifornia 
{Unclassified imagery taken with a Reconofax-4 sensor, court~sy of HRB-Singer, Inc.} 
F ig ure 7A: Scale 1/55,000 Refer to the text for a description of 
some of the features shown on the imagery. 
9 
Figure 7B: Scale 1/11,000 This print corresponds to the area enclosed 
in the rectangular box drawn on the smaller scale imagery above. 
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USE OF A PHOTO INTERPRETATION KEY FOR CULTIVATED CROPS 
A photo i nterpret ation key is reference material designed to facilitate 
rapid and accurate identification and determination of the significance of 
ob jects or condi t ions from the analysis of their photo images. Without 
knowledge or familiari t y of a given area supplemented with accurate "ground 
t r uth," a photo interpreter can only draw on past experience when identifying 
obj ects on aerial photos . However, if some type of reference material or 
guide is availab l e , depict ing a mean3 of identifying the same area or a similar 
area, accurate interpretation can be made regardless of photo interpretation 
or familiarity with the area. 
The most useful key for the recognition of cultivated crops consists of 
three parts: (1) a word description of crop tone, texture, planting patterns 
and other features arranged in a dichotomous fashion so that each crop can 
be easily identified upon recognition of its photographic features, (2) a 
word description of each crop as imaged on aerial photos that utilize pre-
determined optimum photographic specifications, (3) aerial photo stereograms 
that illustrate each crop. 
The following set of keys describing cultivated crops is primarily 
based on large scale, 1/3000 and 1/6000, aerial photography. Specifics 
of the data-gathering procedure for the construction of the keys are presented 
at the beginning of the discussion of each crop type. 
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A DICHOTOMOUS PHOTO INTERPRETATION KEY FOR 
IDENTIFYING THE MAJOR CATEGORIES OF 
AGRICULTURAL CROPS OF THE SACRAMENTO VALLEY, CALIFORNIA 
Based on Panchromatic Minus-blue photography 
(Mid-summer Seasonal State Scale; 1/12,000) 
1. Man-made cultivation pattern clearly discernible ................. 2 
1. Man-made cultivation pattern not clearly 
discernible ................. -:-:: ...... ...................... Non-Crop Lard 
2. Vegetat ion present .... ......... . ............................. 3 
2. Vegetation absent ......... . .... . .......................... Fallow 
3. Rows clearly discernible ......................................... 4 
3. Rows not clearly discernible ........... .......................... 5 
4. Spacing of rows, less than 6 feet ........................ Row Crops 
4. Spacing of rows, 6 feet to 14 feet Vine Crops 
4. Spacing of rows, greater than 14 feet Tree Crops 
5. Irrigation marks clearly discernible, corners of 
fields rounded, edges often scalloped; animal trails, 
fences, gates, and water troughs usually discernible ....... Irrigated 
5. Features not as above; each field usually uniform 
in tone and texture; fields usually larger than 
Pasture Crops 
ten acres . . ................ ...... .......................... Cant i nuous 
Cover Crops 
... -
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
... 4~-
... "f'-
.. . 
. , 
F 
Crop!; 
I = Irr~rated a~t ') 
F = FallO'<.' r"-,,, 
Scale: 1/8,000; Panchromatic Film; Wratten 12 Filter 
Scale: 1/20,000; Panchromatic Film; Wratten 12 Filte r 
Land Classification of the 6 major crop types plus 
non-crop types such as: Brush-Chaparral (B), Bare Ground 
(G), Timber (T), and Residential-Industrial (N). 
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A SELECTIVE PHOTO INTERPRETATION KEY 
FOR FRUIT AND NUT CROPS OF SACRAMENTO VALLEY, CALIFORNIA 
USING AERIAL PHOTOGRAPHY 
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THE INVENTORY OF FRUIT AND NUT CROPS ON AERIAL PHOTOS 
The Manteca-Linden study area of Sacramento Valley, California was flown 
to gather the aerial photography needed for the development of reference keys 
for the inventory of fruit and nut crops. Cartwright Aerial Survey, Inc. flew 
this area in the early summer seasonal state at scales of 1/3000, 1/6000 and 
1/24,000. Four film filter combinations were employed: Panchromatic film 
with a Wratten-12 (minus blue) filter; Infrared film with a Wratten-89B (deep 
red) filter; Aerial Ektachrome film with the appropriate hoze-cutting filter; 
and Ekta Aero Infrared (the infrared-sensitive Aerial Ektachrome) with the 
conventional Wratten-12 filter, used in conjunction with an EF 2200 (color 
balancing) filter. For brevity, in the examples of this s ection, photos 
with Panchromatic-12 captions indicate that they were taken on Panchromatic 
film with a Wratten-12 filter. The information concerning almond tree iden-
tification was obtained from photography of the Davis study area. This pho-
tography is discussed in detail in the continuous cover crop section of this 
report. 
On the days of the procurement of the aerial photos and for a period 
immediately following, personnel made complete on-the-ground studies of the 
various crop types. "Ground truth" photos were taken to ensure accurate 
interpretation of the aerial photos. Also information pertaining to crop 
type, age, and pruning techniques was obtained from field workers and t he land 
owners. 
A total of five (5) different fruit and nut crops were recorded and 
studied. 
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AERIAL PHOTO INTERPRETATION OF FRUIT AND NUT TREES IN THE MANTECA - LINDEN AREA OF CALIFORNIA 
FEASIBILITY OF IDENTIFYING THE PERTINENT RECOGNIZATION CHARACTERISTICS ON AERIAL PHOTOGRAPHY 
Tree Photo Scale and Film - Filter 
~pecies Identification Characteristics 1/3 000 1/6 000 1112--,000 1/24 000 I(~ture) IMB IR89 EKTA CD ~ IR89 EKTA CD ~ IR89 EKTA CD ~ IR89 EKTA CD 
Crown has pa lm tree appearance ++ ++ ++ ++ ++ ++ ++ ++ + + ++ + 
- - - -(r adiating branches) 
Cr own appear s lig t grey ~n tone + ++ 0 0 + ++ 0 0 + ++ 0 0 + +. 0 0 
~herry 
When i nterplanted wi th peaches, 
cherries stand above peaches and + + + + - - - - - - - - - - -- --
a~pear darker in tone 
Crown shadow "stringy + + + ++ + + + + + + + + - - - -
By far, largest fruit tree in area ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Crown full ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
Tone dark ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 
~alnut Separat i on of crown from ground - - - -- - - -- -- - - -- -- -- -- -- --
("pr uni ng") 
Br anches seem t o corkscrew out ++ + ++ ++ ++ + - - - + -- -- - - -- --
of crown 
Crown shadow full in center, thinner ++ + + + ++ + + + ++ + -- -- - - -- --
(longer branches) towards the edge 
Crown tone - combinat~on 01" grays () ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 ' ++ 0 0 I 
and black 
Irregular crown outline 0 0 0 0 ++ ++ ++ ++ ++ ++ ++ ++ + + + + 
Lightest gray in tone 0 0 0 0 ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 
Almond Continuous cover appearance + + 0 0 ++ ++ 0 0 ++ ++ 0 0 0 0 0 0 
Foliage pale yellowish green 0 0 ++ 0 0 0 ' ++ 0 0 0 ++ 0 0 0 ++ 0 
(lightest green) 
Foliage very pale pink 0 0 0 ++ 0 0 u ++ u u u ++ 0 0 0 ++ 
(lightest "pink) 
Beaded or striped appearance + + 0 0 ++ ++ 0 0 ++ ++ 0 0 0 0 0 o I 
, 
l 
-----J 
-. - - - - - - -
.. -
- - - - - - - - - I 
Tree 
Species 
(mature) 
Peach 
, 
Pear 
AERIAL PHOTO INTERPRETATION OF FRUIT AND NUT TREES IN THE MANTECA - LINDEN AREA OF CALIFORNIA 
FEASIBILITY OF IDENTIFYING THE PERTINENT RECOGNIZATION CHARACTERISTICS ON AERIAL PHOTOGRAPHY 
Photo Scale and Film - Filter 
Identification Characteristics 1/3 000 lT6000 1/12 000 1/24 000 
1003 :rn89 EKTA CD ruB IR89 EKTA CD [=ME IR~9 EKTA CD !ME IR89 EKTA 
Round, full crown ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ + + + 
Pruning hole ++ ++ ++ ++ ++ ++ + ++ + ++ ++ ++ - + --
Crown tone med. grey, lighter than ++ 0 0 0 ++ 0 0 0 + 0 0 0 + ++ 0 
walnut, darker than cherry 
Top branches stick straight up + + ++ ++ 
- -
++ 
- -- -- -- -- -- -- --
Shadow cast round and full ++ ++ ++ ++ ++ ++ ++ ++ ++ + ++ ++ + + -
Crown wh1te,'cottony texture 0 ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 - 0 
Crown whiter than pear 0 ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 + 0 
. 
Greater crown diameter than pear ++ ++ ++ ++ ++ ++ ++ ++ + ++ + + + . + + 
Crown has tapered conical appearance ++ ++ ++ ++ ++ ++ ++ ++ + ++ ++ - - - --
Crown appears gray as compared with ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 + 0 0 
peaches 
Tree size - smallest of those ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ -
observed 
Crown not as compact as peach, but + + + + + + + + + + + + + + 
--
as spread as cherry 
C~own shadow - not as dense as peach + + ++ ++ + + ++ + + + ++ + - -- --
Crowns darker p1nK than peacn 0 0 0 ++ 0 0 0 ++ 0 0 0 ++ 0 0 0 
-- - -- --- ---- - L-- --- ------- - -- --
Legend: 
++ generally and easily identifiable 
+ generally identifiable, but sometimes requiring close study 
inconsistently identifiable 
unidentifiable 
o no example; not applicable for this film - filter 
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I SUMMARY OF FINDINGS RELATIVE TO THE AERIAL PHOTO 
I INTERPRETATION OF FRUIT AND NUT TREES 
I Reference to the tables on the two preceding pages will be very useful when one seeks to draw conclusions as to the optimum aerial photographic 
I specifications for fruit and nut tree inventories. Among the conclusions 
that can be inferred from a study of these tables and of the photographs 
I from which they were derived are the following: 
I 
I. Upon comparing the interpretability of the four types of aerial 
fi 1m, it was concluded that panchromatic aerial photography provided suffi-
I ciently reI iable tree inventories to justify its use rather than use the more 
expensive color films. While both color films were somewhat superio r to the 
I black-and-white films for distinguishing recognition characteristics , it 
would be difficult to rational ize the quadrupling of photographic cost re-
I qui red for color photography. 
I 2. Infrared photography proved to be slightly inferior to panchromatic photography when making fruit and nut tree inventories. Yet, it is i mportant 
I to note that when infrared is used in conjunction with panchromatic, addition-
I 
al information is gained that may be overlooked when a single type of film 
is used. 
I 3. Even with the relatively high resolution obtained with the Zeiss camera, it was found that at photographic scales of 1/12,000 and smaller, the 
I ease and accuracy with which fruit and nut trees can be i nventoried diminishes 
rapidly. At photographic scales of 1/6,000 and larger, accurate inventories 
I I 
I 
can be made quite easily. The tables suggest that somewhere between the scales 
of 1/6,000 and 1/12,000 I ies an optimum photographic scale (see discussion 
in livestock section, explaining factors determining optimum scale). 
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It was tentatively concluded that a scale of 1/8,000 would prove optimum for 
making fruit and nut tree inventories; however, this decision should be ac-
curately verified in future studies. 
4. Stereoscopic coverage (60% forward overlap) usually is necessary 
to make accurate tree inventories. Such characteristics as relative tree 
heights, branching habits and tree shape are much more easily seen when viewed 
in three dimensions. In addition, stereo coverage gives two spatial vantage 
points of the area to be interpreted and thus minimizes the troublesome prob-
lems of Ilfall-off il (poorer image qual ity for areas ,imaged near the edge of 
any given photograph). 
In summary, it has been tentatively concluded from this study that the 
optimum specifications for aerial photography that is to be used in making 
fruit and nut tree inventories with a Zeiss precision camera are: Panchromat-
ic film, minus-blue filter, scale 1/8,000, 60% forward overlap. Ideally the 
photography should be taken in the morning or afternoon hours when shadows 
are best imaged. One of the most important distinguishing features of an 
orchard crop is its shadow characteristics. Any additional photographic cov-
erage of another film-filter combination, such as infrared-89B at a scale of 
1/8,000 or larger, would be very helpful in identification of crop types. 
It also has been concluded from this limited study in the Manteca-Lin-
den area of California that the inventory of fruit and nut trees from aerial 
photographs flown to the above specifications, and supplemented with only a 
limited amount of ground checking, is feasible in the Central Vailey of Cali-
fornia. 
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RECOGNITION FEATURES OF FRUIT AND NUT CROPS 
SACRAMENTO VALLEY, CALIFORNIA 
(Early Summer Seasonal State) 
WALNUT 
Mature walnut trees are the largest of the orchard crops in the area. 
The walnut crown consistently has a full appearance. The branching pat-
tern is highly developed with several large limbs, many medium-sized 
branches and numerous twigs. The view of this pattern, however, is ob-
scured by very dense foliage which consists of large, dark green leaves. 
Walnut trees usually are planted in a square pattern at intervals of at 
least 35 feet, and at maturity they attain a height of 30 feet or more. 
At the time the photography for this study was taken, the trees were 
completely foliated, and the nut crop was just beginning to form. 
On Panchromatic-12 photography, the crowns of walnut trees appear 
very dark, and on Infrared-8gB photography they are a light-to-medium 
grey. On Aerial Ektachrome film the color of walnut foliage is a dark 
green, similar to that of cherries, but on Ekta Aero Infrared film walnut 
trees can be distinguished by their dark reddish-brown color. 
PEACH 
The mature peach tree crown is round with dark green foliage which is 
dense enough to hide the branches. Within the study area, peach trees are 
pruned in such a way that a hole is often apparent in the center of the crown; 
this feature is very useful for identifying peach trees. The crowns of these 
trees are less t han 25 feet in diameter, and the spacing of rows is the nar-
rowest of the or chard trees in the s tudy area. 
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At the time the photography for this study was taken, the foliage was 
completely developed, but the fruits had only begun to form. 
On Panchromatic-12 photography, peach trees are a medium grey , whereas 
on Infrared-8gB prints the foliage is very light. On Aerial Ektachrome 
film peach trees are dark green, and on Ekta Aero Infrared photography they 
appear pinkish red. 
CHERRY 
Cherry crowns have an irregular shape caused by their long , individual 
branches fanning outward from the base of the trunk. These long branches 
do not divide into smaller ones, but rather are covered with dense , dark 
green foliage which obscures the wood and adds mass to the appearance of 
each branch. This characteristic pattern of a dense core and distinct 
radiating branches, is somewhat similar to that of a palm tree. 
In orchards, the crowns of cherry trees are generally less than 25 
feet in diameter, and they are planted at intervals greater than 30 feet. 
Often cherry trees are interplanted with peach trees, in which case the 
cherry trees can be detected by their smaller crown, lack of a pruni ng 
hole, and irregular branching pat t ern. 
At the time the photography for the study was taken, the cherry fol-
iage was completely developed, but the fruit had only begun to form . 
On Panchromatic- 12 photography cherry trees are medium grey. On 
Infrared-8gB photography they are a mottled grey . Cherry foliage is 
brownish green on Aerial Ektachrome film and reddish brown on Ekt a Aero 
Infrared film. 
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ALMOND 
In size, mature almond trees are intermediate between peaches and 
walnuts. The crowns usually exhibit an irregular outline, resembling the 
• 
crowns of cherry or walnut trees. The almond crown, however, generally 
is less dense in appearance than those of the other two species. In addi-
tion, the crown is characterized by a highly developed branching pattern 
which produces numerous large limbs and small twigs. The foliage is made 
up of small, light green leaves which, in spite of their large number, 
generally fail to obscure the ranches of the tree. 
In orchards, almond trees are nearly as widely spaced as walnuts and, 
therefore, are more widely spaced than the fruit trees of the area. The 
spacing pattern is usually square, although it may be rectangular, with 
the height varying from 20 to 35 feet. 
At the time the photography for this study was taken, the trees 
were completely foliated, although the nuts were only beginning to develop. 
On Panchromatic-12 photography, almonds are a light grey. On Aerial 
Ektachrome photography, the foliage is usually a very pale yellowish green, 
the lightest of the tree species, whereas it is a very pale pink on Aero 
Ekta Infrared prints. 
PEAR 
Mature pear trees are the smallest of the orchard crops in the study 
area. When pruned, pear trees appear more columnar than cherry or peach 
trees. The small pear crown is conical, and it casts a pyramidal-shaped 
shadow. A pear orchard is more open than the other orchards at maturity. 
In addition, trees killed by a disease known as "pear decline" are numerous, 
but usually occur singly rather than in circular groups. Pear orchards 
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have a less uniform appearance than peach orchards. 
On Panchromatic-12 photography pear foliage usually has a lighter tone 
than that of other orchard crops. On Infrared-8gB photography pear foliage 
has a lighter tone than that of peach trees. On Aerial Ektachrome film 
pear foliage appears gray-green, while on Ekta Aero Infrared film it ap-
pears light reddish brown. 
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A Dichotomous Photo Interpre tation Key to Fruit and Nut Crops 
Sacramento Val ley, Cal ifornia 
Based on Pan Minus-Blue Photography 
(Scale 1/6,000; Mi dsummer Seasonal State) 
1. Crown large, over 35 feet in diameter; row spacing wide 
(greater than 30 feet); crown entire, no pruning hole; 
crown shadow fu 11 in center, th inner at edges; branches 
swirl around crown; fol iage dark .. ... ........................ Walnut 
1. Crown small to medium, under 25 feet i n diameter ................. 2 
2. Crown with hole in center; crown round, full 
smooth; tone of crown medium grey, row spacing narrow ....... Peach 
2. Crown without hole in center ....... ........................... 3 
3. Crown shape conical; shadow shape pyramidal; 
3. 
mature trees smallest in the area .... '" ....................... Pear 
Crown shape not conical; shadow shape not pyramidal .............. 4 
4. Branches in obv ious radiating habit, palm tree-like; 
crown shadow scraggly, often interplanted with peaches 
4. Branches merely irregular in habit , crown tone 
relatively the 1 ightest of al I crops; mature trees of 
Cherry 
medium size, 20-35 feet ................................... Almond 
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A Dicho tomous Photo Interpretation Key to Fruit and Nut Crops 
Sacrame nto Valley , Cal ifornia 
Based on Ae r ia l Ektachrome and Ekta-Aero I nfrared (Color IR) Photography 
(Scale 1/6,000; Midsummer Seas onal State) 
1. Crowns l a r ge (over 30 feet) , dark grey green on Ektachrome, 
dark reddish brown on Color IR ... • ......... Wa ln ut 
1. Crowns small t o medium, not dark grey green ............ . .. . ...... 2 
2. Crowns greyish purple on Color IR ; grey green on Ektachrome ; 
crowns small a nd conical .....••... •••• Pear 
2 . Crowns mo re red than grey on Color I R . .................... ... 3 
3. Crowns browni sh red on Colo r IR; brownis h green o n Ektachrome; 
irregular branches rad iating palm-l ike; without pruning hole ... . Che r ry 
3. Crowns 1 i gh t o r bright red on Color IR .. .. . ............ . ... .. .. .. . . 4 
4. Crown dar k green on Ektachrome, bri ght red or pink 
on Co lor IR; pruning hole especiall y eviden t on Color IR ... . Peach 
4. Crowns very I igh t green on Ektachrome ; pale pink 
on Co lor I R; crowns of medium size . . . ......... . ............ Al mond 
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A DICH OTOMOUS PHOTO INTERPRETATION KEY TO FRUIT AND NUT CROPS 
SACRAMENTO VALLEY , CALIFORNIA 
BASED ON PAN MIN US-BLUE; INFRARED 89B; AERIAL EKTACHROME; 
AN D EKTA-AERO INFRARED (COLOR IR ) PHOTOGRAPHY 
(Sca le 1/6 , 000; Midsummer Seasona l State) 
I. Crowns large , dark colored or mot t led on a ll f il m-
filter combination s; rounded crown . .. ..... ....... . . ... .. ... ... .. . . . Waln ut 
I. Crown medium t o sma l l; not dark on all pictures . . .. ... . . . .. .. . .... .. ... 2 
2. Crowns dar k, compact on Pan mi nus-blue ; prun i ng 
hole especially ev ident on infrared and Colo r IR ; dark 
green on Ekt ach rome . . . . .... . . ...... . .... .. . ...... . ... .. . . ........ Peach 
2. Crowns I ight to medium in tone wit h no pr uning hole . . . . . .. ......... 3 
3. Crown medium grey in tone on Pan minus -blue ; med i um to 
mottled grey on inf rared; dark brown is h red on Color IR ; 
branches radi ating irregularly, pal m-l ike ... . .. . .... . ... .. . .. .. .... Che rry 
3. Crown l ight gr ey on Pan minus-blue " . ... ... . ..... . . . . . ................. 4 
4. Crown slend e r , con ica l in shape ; g reyish red 
on Color IR ; browni sh g reen on Ekt achrome ... . .. . . . . . .......... . .. Pea r 
4. Crown medi um i n si ze; ve ry I igh t g reen on Ektachrome ; 
da r k or mott led on infr ared; c rown irregular and no t 
seeming as ro unded as walnu t . .. . . . . . . . . .. . . .. ... . . .. .. ......... Almond 
-
- .. 
- - - - - - - - - - - - - - - -
Walnut: Ekta Aero Infared; Early Summer Seasonal State 
Sea I e: 1/3000 
Stereo Ground Shot 
Scale: 1/6000 
Identifying Features on Aeri a l Photos 
I. 
", 2. 
3 . 
4. 
5 . 
Crown width is over 35 feet; largest 
of the tree crops in the study area . 
Crown is without a pruning hole. 
Crown is not conical, has a full 
appearance. 
Mature trees are over 30 feet high. 
Foliage appears dark reddish brown. 
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Walnut: Panchromatic-12; Early Summer Seasonal State 
Scale: 113000 
Stereo Ground Shot Taken From 
Po i nt Labe 11 ed liN I on the 1/6000 Aer i a 1 Photos 
Sca 1 e: 1/6000 
Identifying Features on Aerial Photos 
(Area outl ined on the above aerial photos 
is a walnut orchard). . 
1. Crown width is over 35 feet; largest 
of the tree crops in the study area. 
2. Crown is without a pruning hole. 
3. Crown is not conical, has full appear-
ance. 
4. Crown shadow is not pyramidal. 
5. Mature trees are over 30 feet high. 
6. Shadow often is dark at center, 1 i ght-
er at edges. 
7. Walnut trees are the darkest of tree 
crops in the study area. 
-
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Walnut: Infared-89B; Early Summer Seasonal State 
Scale: 113000 
Stereo Ground Shot 
Scqle: 1/6000 
Identifying Features on Aerial Photos 
I . Crown wid t h is over 35 feet; largest 
of the tree crops in the study area . 
. , 2. Crown is without a pruning hole. 
3. Crown is not conical , has a ful I 
appearance. 
4. Mature trees are over 30 feet high. 
5. Fol iage tone is variable. 
-
- -- ---------
---_ .. _-
Scale: 1/3000 
Stereo Ground Shot 
Walnut: Aer·ial Ektachrome; Early Summer Seasonal State 
- - " .. ,..,;.:.:.IIKS.".IJI'. e :- w -_ :~i:t~liZ~ Cfh!~" * J:i~J: _. 
..... 1 "-"Io.':'.:4t_'~4~~1 
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.Sea 1 e: i /6000 
Identifying Features on Aerial Photos 
1. Crown width is over 35 feet; largest 
of the tree crops in the study area . 
2. Crown is without a pruning hole. 
3. Crown is not conical, has a full crown 
appearance. 
4. Fol iage appears dark green. 
5. Mature trees are over 30 feet high. 
I 
'auo~ u1 wn1paw sl UMOJJ '8 
lep1weJAd ~ou Sl Mope~s UMOJJ 'L 
'asuap AlwJoJ1un Sl Mope4S '9 
'pa~eds Alasol~ aJe SMO~ 'S 
'alq1UJa~SlP ~ou Sl uJa~~ed 5u14~ueJ8 'ry 
'l'e~luo~ ~ou Sl UMOJJ '£ 
'alo4 5u1unJd se4 UMOJJ 'z 
'~aaJ SZ Japun Sl 4~P1M UMOJJ 'I 
SO~04d le1Ja~ uo saJn~ea~ 5u1AJ1~uapI 
0009/1 :ale:JS-
::::::::;f:;;'l:::;;;:;:: ::;; ~'irn~m";l;:;;:tI:;il'-l 
H::::::Hi::H:::::::!;: :::: ~rui~~;'~5Ui~~~;s*~t ._, ••••••••• ,............ •••• .' t~~ ;"f;-"c·" ' j :::!:!::::::!:!:~:::::::: ::::.. m ~~"'-: .. ~ i;ol 
................ ......... .... H ~n' ~~~.: .. }%uiJll ::::::::::::HH::::::::!: :::; . ;.uf~:;;;~~n; " ............. " .......... , .. , 
:::::::::::::::;:::::::::: :::: .............................. ................................ 
:::::!::::::::::::::::::::::::: ::::::::::::::::::::::::::::::: 
................................ 
............................... 
!~~; ~ ~ ~~ ~~ ~~~ ~gi~~ ~~~g~gg~~ ............................... 
1l~lii~!1flml~mljml1111jl ~::::::::::::::::::::::::::::: : 
t ~;~~~~~~~~t~~~ ~~i~~~~~~l~~l; ~ ~ 
ii ~H~ ;~HH~ih ~~~~;; i ~~~ ~ ~~~~ ::::::::::::::::::::::::::::::t ................................. 
~~~~~~~ ~~~~~~~~~ ~H~~~~ ~~~;~ ~ ~ ~ :::::::::::::::::::::::::::::!i 
:::::::::::::::::n~:H::!::::: :::: =:::::::::: ::~: ~:'::'!::::! 
---_ .. --..-..... -.-.
r ~. 
SO~04d le1Ja~ 0009/1 a4~ uo II~II pallaqel ~U10d 
WOJ~ ua~el ~04S punOJ~ oaJa~s 
.. ' 
000£/1 :ale~s 
I
««(l~( 
(\'.(((I( 
rrrff((f 
r'~(r('( ((f((( 
'«(fe" «((f(C( 
((Ir~((( 
(r(r;c({( 
r"en,fCC 
(;( , (( (r.« .... (r~ C'(',.,(' 
rClr;«,)( (, 
a~e~s leuoseas JaWWns AlJe3 ~ZI-~1~eWOJ4~Ued : 4~eacr 
-------------------
I 
J 
- - - - - - - - - -
- - - - - - - -
Peach: Infrared-89B; Early Summer Seasonal State 
Scale: 1/3000 
Stereo Ground Shot 
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Scale: 1/6000 
Identifying Features on Aerial Pho tos 
1. Crown width is under 25 feet. 
" 2. Crown has pruning hole. 
3. Crown is not conical. 
4. Branching pattern is not dis cernib le. 
5. Rows are closely spaced. 
6. Crowns are 1 ight in tone. 
-
- - - - - - - - - - - - - -
Peach: Aerial Ektachrome; Early Summer Seasonal State 
Scale: 1/3000 
Stereo Ground Shot 
Scale: 1/6000 
Identifying Features on Aerial Photos 
(The orchard outl ined on the above aerial 
photos is interplanted with peaches and 
cherries; the peaches have the larger 
crowns. 
I. Crown width is under 25 feet. 
2. Crown has pruning hole. 
3. Crown is not conical; shadow is not 
pyramidal. 
4. Branching pattern is not discernible. 
5. Rows are closely spaced. 
6. Shadows are uniformly dense. 
7. Crowns are dark green. 
- -
- - - - - - - - - - - - - - - - - -
~: Ekta Ae ro Infrared ; Ear ly Summer Seasonal State 
Scale : 1/3000 
Ground Shot 
Scale: 1/6000 
Identifying Features on Aerial Photos 
{The orchard outlined on the above aerial 
photos is interplanted with peaches and cherries; 
the peaches have the larger crowns . 
1. {rown wid t h is under 25 feet . 
2 . Crown has pruning hole. 
3. Crown is not conical. 
4. Branching pattern is not discernible. 
5. Rows are cJosely spaced. 
6. Crowns are bright red or pink . 
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Pears : In f rared-89B ; Earl y Summer Seasonal State 
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Scale: 1/3000 
Stereo Ground Shot Taken From Point ItAII 
on the 1/6000 Aerial Photos 
Scale: 1/6000 
Identifying Features on Aerial Photos 
(Area outl ined on the above aerial photos 
is a pear orchard.) 
1. Crown width is under 20 feet 
2. Crown is without pruning hole. 
3. Crown is conical. 
4. Branching is irregular. 
5. Mature trees are 20 to 30 feet high. 
6 . Fol iage appears light in tone . 
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Pears: Ekta Aero Infrared; Early Summer Seasonal State 
Scale: 1/3000 
Iden t ifying Features on Aerial Photos 
1. Crown width is under 20 feet. 
2 . Crown is without pruning hole. 
3. ~rown is conical. 
4. Branching is irregular. 
5. Mature trees are 20 30 feet high. 
6. Fol iage appears greyish red. 
Stereo Ground Shot 
'---------
- - - - - - - - - - - - - - -
... 
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-Cherry: Panchromatic-12; Early Summer Seasonal State 
Scale: 1/3000 Scale: 1/6000 
Stereo Ground Shot taken from point la-
belled IWI on the 1/6000 aeriel photos 
Features on Aerial Photos 
The orchard outl ined on the above aerial photos 
is interplanted with peaches and cherries; the 
cherries have the smaller crowns.) 
1. 
2. ' .. 
3. 
4. 
5. 
Crown width is under 25 feet. 
Crown is without pruning hole . 
Crown is not conical. 
Branching pattern is readily discernible. 
Crown is medium in tone. 
-
- - - - - - - - - - - - - - - - - -
~herry: Infrared-89B; Early Summer Seasonal State 
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Scale: 1/3000 
Stereo Ground Shot 
Sca I e : 1/6000 
Identifying Features on Aerial Photos 
(The orchard outl ined on the above aerial 
photos is interplanted with peaches and cher-
ries; the cherries have the smaller crowns.) 
1. Crown width is under 25 feet. 
2 . ' Crown is without pruning hole. 
3. Crown is not conical. 
4 . Branching pattern is readily discernible . 
5. Crowns are a mottled grey. 
-
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Cherry: Aerial Ektachrome; Early Summer Seasonal State 
Sca l e: 113000 
Ste reo Ground Shot 
t aken f rom point labelled "A" on the 1/6000 aerial photos 
Sca l e : 1/6000 
Identi f ying Fea t ures on Aerial Photos 
(The orchard outl ined on the above aeria l pho-
. tos is interplanted with peaches and cherries; 
the cherries have the sma i ler crowns.) 
1. Crown wid t h is under 25 feet. 
2. Crown is without prunini hole. 
3. ~rown is not conical. 
4. Branch i ng pa t tern is readily discernible. 
5. Crown is brown ish green. 
-
- - -
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- - - - ~ -- - - - - - -- - -
Cherry: Ekta Aero Infrared: Early Summer Seasonal State 
Scale: 113000 
Stereo Ground Shot 
Scale : 1/6000 
Identifying Features on Aerial Photos 
(The orchard outlined on the above aerial 
photos is interplanted with peaches and 
cherries; the cherries have the smaller 
cro~ns.) 
1. Crown width is under 25 feet. 
2. Crown is without pruning hole. 
3. Crown is not conical. 
4 . Branching pattern is readily discernible. 
5. Crowns are a brownish red. 
~ 
- - - - -
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Almond: Panchromatic-12; Early Summer Seasonal State 
Scale: 1/3000 Scale: l/bOOU 
Identifying Features on Aerial Photos 
(The orchard in the 1/3000 aerial photos 
is interplanted with peaches and al-
monds; the almond crowns are 1 ight in 
tone. The area outl ined on the above 
1/6000 aerial photos shows only almonds.) 
1. Crown width is under 25 feet. 
2. Crown is without pruning hole. 
3. Crown is not conical. 
4. Branching is irregular. 
5. Mature trees are 20 to 35 feet high. 
6. Shadow shape is not pyramidal. 
7. Shadow is open, showing individual 
branches. 
8. The fol iage is light in tone. 
Stereo Ground Shot Taken From 
Point Labelled "A" on the 1/6000 Aerial Photos 
-
- - - - - - - - - - - - - - - - - -
Almond: Ekta Aero Infrared; Early Summer Seasonal State 
Scale: 1/6000 
Identifying Features on Aerial Photos 
(The orchard in these aerial photos is 
interplanted with peaches and almonds; 
, the almonds are without a pruning hole). 
1. Crown width is under 25 feet. 
2. Crown is without pruning hole. 
3. Crown is not conical. 
4. Branching is irregular. 
5. Mature trees are 20 to 35 feet high . . 
6. Crown appears brownish red. 
-
- - - - - - - - - - - - - - - - - -
Almond~ Aerial Ektachrome; Early Summer Seasonal State 
Scale: 1/3000 
Stereo Ground Shot 
Scale: 1/6000 
Identifying Features on Aerial Photos 
(The orchard in these aerial photos is 
interplanted with peaches and almonds; 
the almonds have I ight green crowns.) 
I. Crown width is under 25 feet. 
2. Crown is without pruning hole. 
3. Cr9wn is not conical. 
4. Branching is irregular. 
5. Mature trees are 20 to 35 feet high. 
6. Shadow shape is not pyramidal. 
7. Shadow is open, showing individual 
branches. 
8. Crown appe9rs I ight, brownish green. 
-
r 
- - - - -
Ground Shot 
- - - - - - - - - - - - -
Barley: Panchromatic-12; Early Summer Seasonal State 
Scale: 1/3000 
Identifying Features on Aerial Pho tos 
1. Row pattern is only sl ightly apparent; 
often appears in two directions. 
2. Texture is mottled and the finest of 
the small grains included in this study. 
3. PI ants are three to four feet tall. 
4. Fol iage has the 1 ightest tone of the 
small grains included in this study. 
-
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Barley: Aerial Ektachrome; Early Summer Seasonal State 
• • 
Scale: 1/3000 
Ground Shot 
• 
• 
• ~~--~-----------. 
Scale: 1/6000 
Identifying Features on Aerial Photos 
I. Row pattern is only sl ightly apparent; 
often appears in two directions. 
2. Texture is mottled and finer than that 
of other smal I grains included in this 
study. 
3. Plants are three to four feet tall. 
4. Fol iage appears light yellowish brown. 
-
-L _ 
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Barley: Ekta Aero Infared; Early Summer Seasonal State 
Scale: 1/3000 
Ground Shot 
• 
Scale: 1/6000 
Identifying Features on Aerial Photos 
• 
• 
• 
• 
1". Row pattern is only sl ightly apparent; 
often appears in two directions. 
2. Texture is mottled and finer than that 
of other small grains included in this 
study. 
3. Plants are three to four feet tall. 
4. Fol iage appears 1 ight whitish brown. 
-
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A SELECTIVE PHOTO INTERPREATION KEY 
FOR CONTINUOUS COVER CROPS OF SACRAMENTO VALLEY, CALIFORNIA 
USING AERIAL PHOTOGRAPHY 
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Wheat: Panchromatic-12; Early Summer Seasonal State 
Scale: 1/3000 
Stereo Ground Shot 
Identifying Features on Aerial Photos 
1. Row pattern is only sl ightl y apparent. 
2. , Texture is mottled and coarser than 
that of other small grains included 
in this study. 
3. Plants are three to four feet tall 
(relative heights often determinable 
by shadows at edge of field). 
4. Fol iage appears 1 ight to medium in tone. 
iJ 
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Wheat: Aerial Ektachrome; Early Summer Seasonal State 
Scale: 1/3000 
Stereo Ground Shot 
I 
I 
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Scale: 1/6000 
1 
Identifying Features on Aerial Photos 
(Area ~u t l ined on the above aerial photos 
is a whea t field). 
I . Row pa ttern is only sl ightly apparent . 
2. Texture is mottled and coarser than 
that of other small grains included 
in this study. 
3. Plants are three to four feet tall. 
4. Fol iage appears yellowish brown. 
- I 
-~ 
------
Scale: 1/3000 
Stereo Ground Shot 
-------------
Wheat: Ekta Aero Infrared; Early Summer Seasonal State 
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I I 
I I 
I · I 
I I 
I I 
I 
I 
I 
----~-
Scale: 1/6000 
identifying Features on Aerial Photos 
(Area outl ined on the above aerial photos 
is a wheat field). 
1. Row pattern is only sl ightly apparent. 
2. Texture is mottled and the coarsest of 
the small grains included in this study. 
3. Plants are three to four feet tall. 
4. Fol iage appears whitish brown. 
-
- - - - - - - - - - - - - - - - - -
Oats: Panchromatic-12; Early Summer Seasonal State 
-
Sca le: 1/3000 
Ground Shot 
Identifying Features on Aerial Photos 
1. Row pattern is only sl ightly apparent. 
2. Texture is mottled. 
3. Plants are three to four feet t all. 
4. Fol iage has darkest tone of the three 
small grains included in this study. 
... 
-
------
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Scale: 1/3000 
Ground Shot 
-------------
Oats; Aerial Ektachrome; Early Summer Seasonal State 
_ _ ..r.'PWi)."lifC'M_ 
Scale: 1/6000 
Identifying Features on Aerial Photos 
(Area outl ined on the above aerial photos 
is an oat s field). 
I. Row pattern is only sl ightly apparent. 
' 2. Texture is mottled. 
3. Plants are three to four feet tall. 
4. Fol iage appears golden brown. 
___ J 
-------------------
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Scale: 113000 
Ground Shot 
~: Ekta Aero Infrared; Early Summer Seasonal State 
, 
J , 
, 
I 
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Sea 1 e: 1/6000 
Identifying Features on Aerial Photos 
, (Area outl ined on the above aerial 
photos is an oats field) . 
1. Row pattern is only sl ightly apparent. 
2 . Texture is mottled. 
3. Plants are three to four feet tall. 
4. Fol iage appear reddish golden. 
- - -
l 
- - - - - - - - - - - - - - -
Safflower: Panchromatic-12; Early Summer Seasonal State 
Scale: 1/3000 
Stereo Ground Shot 
Identifying Features on Aerial Photos 
(Area outlined on the above aerial photos 
is a safflower field). 
I. Row pattern is very apparent. 
2. Texture is uniform and is coarser 
than that of the small grains. 
3. Plants are one to two feet tal I. 
4. Fol iage appears dark in tone. 
-
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Safflower: Aerial Ektachrome; Early Summer State 
.. 
1/ jUUU Scale: 1/6000 
Identifying Features on Aerial Photos 
(Area outlined on the above aerial photos 
is a safflower field). 
1. Row pattern is very apparent. 
2. Texture is uniform. 
3. Plants are one to two feet tall. 
4. Fol iage appears dark green. 
-
-
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- - - - - - - - - - - - - - -
Safflower: Ekta Aero Infrared; Early Summer Seasonal State 
Scale: 1/3000 Scale: 1/6000 
Identifying Features on Aerial Photos 
(Area outl ined on the above aerial photos 
is a safflower fie ld). 
1. 'Row pattern is very apparent. 
2. Texture is uniform. 
3. Plants are one to two feet tall. 
4. Fol iage appears purpl ish red. 
Stereo Ground Shot 
- -
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THE INVENTORY OF CONTINUOUS COVER CROPS ON AERIAL PHOTOS 
The Davis study area of Sacramento Valley, California was ,flown to gather 
the aerial photography needed for the development of reference keys for the 
inventory of continuous cover crops. The Infrared and Optical Sensor Labora-
tory of the University of Michigan flew the area in late May, 1966 with con-
ventional panchromatic minus-blue aerial photography at the scales of 1/3000 
and 1/6000. The flight also obtained spectrozonal imagery in eighteen scan-
ner channels. Cartwright Aerial Survey, Inc. flew the same area on May 26, 
1966 with Aerial Ektachrome and Ekta Aero Infrared aeria l photography also at 
the scales of 1/3000 and 1/6000. 
On the days of the procurement of the aerial photos and for a period 
immediately following, personnel made complete on-the-ground studies of the 
various crop types. "Ground truth" photos were taken to ensure accurate 
interpretation of the aerial photos. Also information pertaining to crop 
type, age, and harvesting methods was obtained from field workers and the 
land owners. 
A total of eight (8) different continuous cover crops or field conditions 
were recorded and studied. 
i 
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Crop Species 
(Ear 1 y Summer 
Seasonal State) 
OATS 
BARLEY 
FEASIBILITY OF IDENTIFYING CONTINUOUS COVER CROPS OF SACRAMENTO VALLEY, 
CALIFORNIA USING AERIAL PHOTOGRAPHY 
Photo Scale and Film Fil t er 
Identificati on Characteristics Scale: l/jlOOO Scale: 1/6000 
Pa n-12 Ekta Color IR I Pan-12 Ekta Color IR 
Crop with a mottled o r speckled appea rance 
Row patte rn sl igh t ly distinqu ishable 
Row pattern in one direction 
Texture medium 
Tone darker on Panchromatic film than on 
barley or wheat 
Crop golden brown on Ektachrome film 
Crop reddish golden on Color IR film 
Crop with a mottled or speckled appearance 
Row pattern sl ightly distinquishable 
Row pattern in two directions 
Texture finer than wheat or oats 
Tone 1 ighter on Panchromatic film than on 
barley or wheat 
Crop 1 ight yellowish brown on Ektachrome film 
Crop less yellow than wheat on Ektachrome 
fi 1m 
Crop 1 ight whitish brown on Color IR film 
Legend: ++ generally and easily identifiable 
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+ generally identifiable, but sometimes 
requiring close study 
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Crop Species 
(Early Summer 
Seasonal State) 
WHEAT 
SAFFLOWER 
ALFALFA 
.. 
- ',- -
.. .. (- ..... 
-
~-~ .. -
FEASIBILITY OF IDENTIFYING CONTINUOUS COVER CROPS OF SACRAMENTO VALLEY, 
CALIFORNIA USING AERIAL PHOTOGRAPHY 
-~ 
Photo Scale and Film Filter 
Identification Characteristics Scale: 1(3000 Sca le: 1/6000 
- '\" 
Pan-12 Ekta Color IR I Pan-12 Ekta Color IR 
Crop with a mottled or speckled appearance 
Row pattern sl ightly disitnguishable 
Row pattern in one direction 
Texture coarser than barley or oats 
Tone medium on Panchromatic film 
Crop yellowish brown on Ektachrome film 
Crop more yellow than barley on Ektachrome 
fi 1m 
Crop whitish brownish on Color IR film 
Crop without mottled or speckled appearance 
Row pattern very distinguishable 
Texture flat, but coarser than alfalfa 
Tone dark on Panchromatic film 
Crop dull green on Ektachrome film 
Crop purpl ish red on Color IR film 
Crop without mottled or speckled appearance 
Row pattern sl ightly distinguishable 
Texture flat, but finer than safflower 
Tone dark on Panchromatic film 
Crop green on Ektachrome film 
Crop bright red on Color IR film 
Legend: i+ generally and easily identifiable 
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requiring close study 
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Alfalfa: Panchromatic-12; Early Summer Seasonal State 
Uncut Alfalfa 
Scale: 1/3000 
Stereo Ground Shot 
--- ---
Recently Cut Alfalfa 
Scale: 113000 
Identifying Features on Aerial Photos 
1. Row pattern is only sl ight1y apparent 
at mature stages. 
2. Texture is uniform. 
3. Plants are one to three feet tall. 
4. Fo1 iage appears dark in tone. 
-
- - - - - - - - - - - - - - - - - - -
Alfalfa: Aerial Ektachrome ; Early Summer Seasonal State 
Scale: 1/3000 Scale: 1/6000 
, Identifying Features on Aerial Photos 
1. Row pat t ern i son 1 y s 1 i g h t 1 y ap par e n t 
at mature stages. 
2. Texture is uni form. 
3. Plants are one to three feet tall. 
4. Fol iage appears dark green. 
Stereo Ground Shot 
~~~--.-
f -
- - - - - - - - - - - - - - - - - -I 
Alfalfa: Ekta Aero Infrared; Early Summer Seasonal State 
Scale: 1/3000 Scale: 1/6000 
Identifying Features on Aerial Photos 
I. Row pattern is only sl ightly apparent 
at mature stage. 
2. Texture is uniform. 
3. Plants are one to three feet tall. 
4. Fol iage appears bright red. 
, 
Stereo Ground Shot 
_.J 
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Crop Species 
(Earl y Summer 
Seasonal State) 
COTTON 
RICE 
FALLOW 
FIELD 
RECENTLY 
PLOWED 
FIELD 
FEASIBILITY OF IDENTIFYING CONTINUOUS COVER CROPS OF SACRAMENTO VALLEY, 
CALIFORNIA USING AERIAL PHOTOGRAPHY 
Photo Scale and Film Filter 
Identification Characteristics Scale: 1/3000 Scale: 1/6000 
Pan-12 Ekta Color IR I Pan-12 Ekta Color IR 
Crop without mottled or speckled appearance 
Row pattern sl ightly dist inguishabl e 
Texture wavy 
Tone darker on Panchromatic film than other 
continuous crops included in this study 
Crop very dark green on Ektachrome film 
Crop without mottled or speckled appearance 
Row pattern not distinguishable 
Texture smoother than other continuous cov-
er crops included in this study 
Tone 1 ight on Panchromatic fi 1m 
Row pattern not distinguishable 
Texture smooth 
Tone darker on Panchromatic film than 
recently plowed fields 
Random pattern of weeds frequently discern-
ible 
Row pattern very distinguishable 
Texture rough (caused by recent plowing) 
Tone 1 ighter on Panchromatic film than 
fal low fields 
Few if any weeds discernible 
Legend: ++ generally and easily identifiable 
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requiring close study 
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SUMMARY OF FINDINGS RELATIVE TO THE AERIAL 
PHOTO INTERPRETATION OF CONTINUOUS COVER CROPS 
Reference to the tables on the three preceeding pages will be 
very useful 'when one seeks to draw conclusions as to the optimum 
aerial photographic specifications for continuous cover crop 
identification. Among the conclusions tha t can be inferred from a 
study of these tables and of the phtographs from which they were 
derived are the following: 
I. On aerial photographs flown to proper specifications, continuous 
cOver crops are readily differentiated from other major agricultural 
crop types found in the Sacramento Valley of Cal ifornia. Generally, 
the various structural features of a field, such as planting 
pattern and texture, combined with tonal differences as shown 
on panchromatic aerial photography are adequate for an accurate 
identification of continuous cover crops. ReI iable inventories 
can be obtained without the use of additional film-filter combinations. 
While both of the color films used (Ektachrome and Ekta Aero Infrared) 
were somewhat superior to panchromatic photography for distinguishing 
recognition characteristics, it would be difficult to justify 
the quadrupl ing of photographic cost required for the color photography. 
However, to determine crop health and to identify agents responsible 
for a loss in crop vigor, additional film-filter combinations may be 
necessary. 
2. The most effective time of year for obtaining aerial 
photography for the inventorying of continuous cover crops depends 
primarily on the crops of interest. For example, in the study area 
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early summer is ideal for the differentiation of oats and wheat. 
Phenologically, in early summer wheat is fairly dry and appears light 
on panchromatic photography, while oats are green and appear 
dark on panchromatic film. Seasonal characteristics of a particular 
year may alter crop development. In addition, identification is 
easiest when the crop cover is full. In some instances even variety 
of crop can be determined on aerial photos. 
3. Stereoscopic coverage (60% forward overlap) usually is 
necessary to make accurate continuous cover crop inventories. Such 
characteristics as relative crop heights and planting patterns are 
much more easily seen when viewed in three dimensions. In addition, 
stereo coverage gives two spatail vantage points of the area to be 
interpreted, and thus minimizes the troublesome problems of "fall-off ll 
(poor image qual ity for area imaged near the edge of any given photographs). 
4. Although differentiation of the various continuous cover 
crops is feasible, a number of limitations and difficlties hinder the 
photo interpreter. The variabil ity of crop texture due to damage 
by rain and windthrow and differences in planting methods and in the 
time of planting and harvesting are important variables which must 
be considered for accurate interpretation of these crops. 
In summary, the following has been tentatively concluded from this 
study relative to the optimum specifications for aerial photography 
that is to be used in making continuous ~ crop inventories 
with a Zeiss precision camera. If, because of cost considerations 
only one film-filter combination can be used, the optimum is 
panchromatic film, minus-blue filter, 60% overlap. The time of year 
when the imagery should be obtained d~pends on the crops of primary 
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• 
interest. Early summer appears ideal for most continuous cover crops 
in the study area since there are many phenological differences 
between the crops and their fol iage canopies are full at this time. 
Additional photographic coverage with another film-filter combination, 
such as Ekta Aero Infrared, would be very helpful in the identification 
of crop types, but rarely will justify the additional expense in 
terms of information gained reltative to continuous cover crops. 
It also has been concluded from this I imited study that the 
inventory of continuous cover crops from aerial photographs flown 
to the above specifications, and supplemented with only a limited 
amount of ground checking, ~ f easibile in the Sacramento Valley 
of California. 
J 
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I RECOGNITION FEATURES OF CONTINUOUS COVER CROPS 
I SACRAMENTO VALLEY, CALIFORNIA (Early Summer Seasonal State) 
I 
SMALL GRAINS: BARLEY, WHEAT, AND OATS 
I Barley, wheat, and oats, three of the crops that are categorized as 
I "small grains, II are usually broadcast or drill sown, forming a close or con-
I 
tinuous cover from the early stages of development. Up to the time of first 
heading, barley, wheat, and oats are very difficult to distinguish. There 
I is no conventional film-filter combination which readily detects differ-
ences between these crops in an early stage of development. However, they 
I usually can be separated from certain other continuous cover crops such as 
alfalfa in that being taller and freer of irrigation levees they often cast 
I a conspicuous shadow on the edge of the field away from the sun. 
I Approaching maturity, wheat fields can usually be identified on Aerial Ektachrome film by their yellowish color, while barley fields have a brown-
I ish coloration. Oat fields are recognized by the persistence of their green 
coloration for many days after the other two crops have begun to dry. 
I Similar color combinations are obtained from Ekta Aero Infrared and Panchro-
I matic films. The mottled appearance of healthy grain fields, as they approach matur-
I ity, necessitates care in interpretation on aerial photos, lest fields be 
considered diseased. Lodged patches, where plants have been flattened by 
1 wind or rain, appear in all fields; however, they are most conspicuous in 
oat fields where their fleecy texture contrasts sharply with the uniform 
texture of the undisturbed grain. 
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On Panchromatic-12 film, mature oat fields appear darkest of the 
small grains. Mature barley and wheat fields appear very similar in tone, 
varying from light to medium. On Aerial Ektachrome photography the golden 
color characteristic of mature oat fields are useful as a basis for compari-
son with yellowish brown coloration of mature barley and wheat fi e lds. 
Wheat on this film is normally more yellow in appearance. On Ekt a Aero 
Infrared film the oat fields exhibit a more reddish coloration than either 
wheat or barley fields, and barley fields are lighter in color than wheat 
fields. Use of all three of these films is often necessary for accurate 
differentiation between the small grain crops. 
SAFFLOWER 
At the time of photography, safflower in the study area had not ma-
tured sufficiently to be in the flowering stage. The dark green stem and 
foliage, however, had grown to a stage where there was almost continuous 
ground cover. At this stage of development, safflower resembles mature 
alfalfa on aerial photography with the exception that safflower attains a 
maximum height of 12 to 16 inches, and appears much less bushy. Safflower 
also retains a characteristic row pattern throughQut its development. By 
harvest time the safflower plant will be topped by a yellowish flower, then 
it will die and turn yellowish brown. 
On Panchromatic-12 prints, safflower has a medium-to-dark grey tone 
with a somewhat mottled appearance where growth is thin, and a grainy texture 
in more lush areas of a field. The foliage appears dark green on Aerial Ekta-
chrome. On Ekta Aero Infrared film safflower is characterized by a dark 
pinkish red color. 
1 ·----
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ALFALFA 
In its earl y stages, alfalfa may be mistaken for a row crop; for it 
has many similar characteristics. However, as the alfalfa matures, the row 
pattern is obscured and a continuous cover results. Alfalfa is not a tall 
crop, growing only to a height of 2-3 feet. This lack of height prevents 
alfalfa from casting a conspicuous shadow as is often associated with the 
small grains. 
During the period of harvest, alfalfa fields have a very distinctive 
appearance. The alfalfa is cut, and the cuttings are rowed and left in 
the fields for baling. The longer the cuttings are left in the fields, the 
lighter they become, contrasting with the dark green of the remaining plants. 
After the first harvest the alfalfa is normally allowed to regrow producing 
a second crop. In some areas more than two crops are possible each year. A 
field which has been recently cut appears a lighter shade of green due to 
the presence of stubble and the increased exposure of bare soil. A fairly 
well-defined pattern of row marks may also be present after the first cut-
ting, due to the crushing of the remaining alfalfa by the harvesting equip-
ment. 
On Panchromatic-12 photography mature alfalfa appears dark in tone. On 
Aerial Ektachrome film it appears a deep green, while on Ekta Aero Infrared 
it is a bright red. 
COTTON 
In California mature cotton is a shrubby warm-weather plant, three to 
four feet high and covered with dense, dark green foliage. Although planted 
in rows, the row-spacing varies with the cultivation method used, causing the 
row pattern to either persist at maturity or form a continuous-type cover. 
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The latter occurs most frequently. The near-mature cotton fields used for 
this study. retain their original row pattern to a slight degree. However, 
in either pattern healthy cotton produces a soft, fluffy image on aerial 
photography. 
On Panchromatic-12 photography, cotton appears dark in tone. On Infra-
red-8gB photography it appears very white, a common characteristic of 
healthy green vegetation. The film is particularly useful for denoting the 
less vigorous plants which appear as dark areas in a field. The dark green 
of cotton on Aerial Ektachrome film assists in its identification. 
A cotton field in the Imperial Valley of California on thermal infra-
red imagery has features remarkably similar to those seen on Panchromatic 
film. As with Panchromat1c film, a fluffy, dark grey appearance and slight 
traces of row planting are distinctive signatures of mature cotton. Diffi-
culties in interpretation may arise in differentiating between cotton and 
alfalfa, which is growing to the left of the cotton field in the illustra-
tion used in the cotton section of this key. However, since alfalfa nor-
mally is lighter in tone and is decidedly smoother in texture on thermal 
infrared film, few errors in interpretation are made. The very light grey 
field across the road from the cotton field in the same illustration is a 
recently plowed field. 
RICE 
At the time the photography for this study was obtained, rice was 
in an early stage of development. The young rice shoots are individually 
distinguished on the terrestrial photography that was obtained at the same 
time as the aerial photography. Areas of open water are also shown in the 
fields. Illustrations of these features are included in the next portion 
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of this key. Also, at this early stage of growth, the water surrounding 
the individual rice shoots contributes to the smooth, light grey tone of 
the fields as seen on Panchromatic film. At times, the water in the 
fields appears white due to the reflection of sunlight. 
These features combined with field patterns and agricultural prac-
tices associated with rice growing facilitate its recognition. That is, 
rice fields in the study area are characterized by low, serpentine dikes 
which follow contours of the fields. These dikes separate various terrace 
levels causing water to flood one level before flowing to the next lower 
terrace level. The small gates in dikes through which the water flows can 
be seen in the included illustrations. The large amount of water needed 
to flood-irrigate rice fields necessitates some type of irrigation system. 
In the study area, canals provide the major source of irrigation water for 
the rice fields, and are useful clues for rice identification. 
- -
l 
- - - - - - - - - - - - - - - -
Cotton: Late Summer Seasonal State 
Panchromatic-12 Scale: 1/14,000 
Panchromatic Stereo Ground Shot 
of cotton with weeds 
-----------------------
Thermal Infrared Scale: 1/12 , 000 
Features on Aerial Photos 
Area outl ined on the above aerial photos 
is a cotton field.) 
I. Row pattern is sl ightly apparent. 
2. Testure is uniform in appearance. 
3. Pl ants grow two to three feet tal I . 
4. Fol iage appears dark in tone on Panchro-
matic photographs and also on thermal in-
frared imagery obtained during day1 ight hours. 
I 
I 
j 
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- - - - - - - - - - - - - - - -
Cotton: Late Summer Seasona 1 State 
.Panch romat i c-25A Sea 1 e : 1/8000 
Aerial Ektachrome Scale; 1/5000 
Inf rared-89B Scal e: 1/8000 
Id e nt i f ying Fea t ures on Aerial Pho t os 
(A rea ou tl ined on t he above ae rial photos i s 
a cotton · f ield.) 
1. Row pattern is sl ightly apparent. 
2. Texture is uniform in appearance. 
3 . Plants grow two to three feet ta , l. 
4. Fol iage appears dark in tone on Panchro-
mat i c film. 
5. Foliage appears white on i nfrared fi l m. 
6. Fol i age appears dark green on Aeria l Ekta-
ch rome f i 1 m. 
---- - ----
- -
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Rice: Panchromatic-12; Early Summer Seasonal State 
Scale: 1/3000 
Stereo Ground Shot of Rice in Midsummer 
Iden t ifying Featul-e s on Atrial Photos 
1. Row pattern is not apparent. 
2. Texture is very smooth and uni form. 
3. ' Plants are one to two feet tal-1. 
4. Fol iage appea r- s ! ight in tone. 
- -
.. 
- - - - - - - - - - - - - -
.. 
- -
Stereo Ground Truth Shots of Rice Fields 
Ekta Aero Infrared: Stereo ground shot of young rice 
showing the typical flooded conditions of a rice field. 
Ekta Aero Infrared: Stereo ground shot of rice in 
mi dsummer. 
Ektachrome: Stereo ground shot of young rice 
Ektachrome: Stereo ground shot of YOUI ,g rice show-
ing major characteristics of rice fields in the stu-
dyarea: standing water, contour dikes, flood gate. 
-
- - - - - - -
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Stereo Ground Shot 
- - - - - - - - - -
Recently Plowed Field: Panchromatic-12 
Scale: 1/300 
Identifying Features on Aerial Photos 
l~ Row pattern is apparent (caused by 
recent plowing). 
2. Texture appears rough; if left fal-
low the texture appears smooth. 
3. Plants are absent. 
4. Field appears 1 ight in tone 
- -
- - - - - - - - - - - - - - - - - -
Recently Plowed Field: Aerial Ektachrome 
Scale: 1/3000 Scale: llbooo 
Identifying Features on Aerial Photos 
(Area outl ined on the above aerial photos 
is a recently plowed field.) 
1. Row pattern is apparent (caused by 
plowing) . 
2. Texture appears rough; if 1 eft fa 1-
low the texture appears smooth. 
3. Plants are absent. 
4. Field appears very 1 ight brown. 
-
Stereo Ground Shot ~_J 
- - - - - - - - - - - - - - - - - -
Recently Plowed Field: Ekta Aero Infared 
Sca Ie: 1/3000 
~ '''"'-r: ,... \ 
.;. 
~.!~'~~ .. ' -' ,~ 
Stereo Ground Shot 
Scale: 1/6000 
Features on Aerial Photos 
Area outl ined on the above aerial photos 
is a recently plowed field). 
' I. Row pattern is apparent (caused by 
plowing). 
2. Texture appears rough; if left fal-
low the texture appears smooth. 
3. Plants are absent. 
4. Field appears very I ight bluish grey. 
-
J 
-L' 
- - - - - - - - - - - - - - - - -
IDENTIFICATION OF ROW CROPS 
A. Radd ish 
Sca le 1/3 ,000; Panchromatic Fil m; Wra t ten 12 Fil t er 
Ste r eo ground shot t aken f rom po int "A" 
IDENTIFYING FEATURES ON AERIAL PHOTOGRAPHY 
The mature crop is relat i vel y 1 igh t t oned 
and cons i stent in ap pearance. The row's are 76" 
apart (all other crops are planted i n 3811 rows). 
The individual plants are extremely smal l an d 
cannot be seen. The crop is never grea ter than 
2" high. Harvesting characteristics we re not 
ava i I ab I e. 
St ereo ground shot t aken from point "B" 
-
- - - - - - - - - - - - - - - - - -
IDENTIFICATION OF ROW CROPS 
B. Celery 
Scale 1/3,000; Panchromatic Film; Wratten 12 Fil t er 
Stereo ground shot taken f rom po i nt "A" 
IDENTIFYING FEATURES ON AERIAL PHOTOGRAPHY 
The ma t ure crop is relative l y dark ,toned and 
i s sometimes dist inctivel y speck l ed , dot t ed or 
mott l ed i n appearance. The rows are over 18" high 
and are often spotted with 1 ig ht to ned wee~ . The 
furrows are barely visible. Fo ll owi ng harvest ing 
alight toned residue is left which ob sc ure s the 
d i stinct row pattern. 
.... It: 
, ..... 
\ , ' ; ...... ,;.. ., 
Stereo ground shot taken from point "B" 
-
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A Dichotomous Photo Interpretation Key for Continuous Cover Crops of 
Sacramento Valley, Cal ifornia 
Based on Panchromatic Minus-Blue Photography 
(Scale 1/6000; Early Summer Seasonal State) 
1. Crops present .............................................. . 2 
1. Crops absent •.•••••.. ID •••••••••• ~ •••• • ••••••••••••••••••••• 8 
2. Crop with mottled or speckled appearance •••.•••.•••..•• 3 
2. Crop with uniform appearance ••••..•••..•.••.•..•..••••• 5 
3. Crop dark in tone; mottled texture seeming to be 
caused by raised areaS •••.•..••••.•..•••.••••••••.•.•••••.• Oats 
3. Crop 1 ight to medium in tone; mot t led texture seem-
ing to be caused by depressions ••••••..••.•.••..••..•.••.. 4 
4. Crop with fine texture; I ight in tone; row pattern 
often appears to be in two directions ................. Barley 
4. Crop with coarse texture; 1 ight to medium in tone; 
row pattern appears more conspicuously in one 
direction •••.•.. G ••••••••••••••••••••••••••••••••••••• Wheat 
5. Crop 1 ight in tone; no row pattern apparent; 
texture very smooth •.•....•.•••....•.•••.•..•..•.••••.•... Rice 
5. Crop dark in tone; row pattern apparent (sl ightly 
to very distinguishable); texture variable ....•..•.•.••••• 6 
7. 
7. 
6. 
6. 
Row pattern very apparent; crop not dense 
Row pattern sl ightly apparent; crop dense 
Crop dark in tone; texture appears wavy 
Crop medium in tone; texture appears flat •.•.••.•...•..•• 
8. Field smooth in texture; nO evidence of plowing; 
Safflower 
7 
Cotton 
Alfalfa 
random pattern of weeds frequently discernible ....... Fal low Field 
8. Field rough in texture (caused by recent plowing); 
few, if any, weeds discernible •••.•.••.•.•.••.••.•. Recently Plowed Field 
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A Dichotomous Photo Interpretation Key for Continuous Cover Crops of 
Sacramento Val ley, Cal ifornia 
Based on Aerial Ektachrome and Ekta Aero Infrared (Color IR) Photography 
(Scale 1/6000; Early Summer Seasonal State) 
1. Crops present ••••.••• ••• ••••••••.••••.••.•.•.•.••.•.••••••• 2 
1. Crops absent .• .•. .......••.•.• """ ••... """" .• ""." •. "."",,.,,,,. 7 
2. Crop very I ight to medium brown on ektachrome 
and Color IR ... . ...•......•...•.................•..•••• 3 
2. Crop green on ektachrome and red on Color IR 5 
3. Crop golden brown on ektachrome, reddish golden 
a n Co lor I R ••..•.•....••. .•.• ....••....•....••••••••.••.•.• 0 at s 
3. Crop 1 ight brown on ektachrome and Color IR . .•.••..•.. .•••• 4 
4. Texture fine; I ight yellowish brown on ektachrome, 
1 ight whit ish brown on Color IR •.•.•..•.•.•...•.••.•.•• Barley 
4. Texture coarse; yellowish brown on ektachrome, 
whitish brown on Color IR •...••.....•....•••......... . Wheat 
5. Row pattern very apparent; crop not dense; dull green 
on ektachrome, purpl ish red on Color IR ... .• .•... •.•..•.• Safflower 
5. Row pattern only sl ightly apparent; crop dense ••.•.• ......• 6 
6. Crop appears wavy ; very dark green on ektachrome, 
red on Color IR .....•.•..•.......••. •.••...•... .•..... Cotto n 
6. Crop appears flat; green on ektachrome, bright 
red on Color IR ••.••.•••••••.•.•....•.•.•..••....•.•. Alfalfa 
7. Field smooth in texture; no evidence of recent plow-
ing; random pattern of weeds frequently discernible ••••.• Fal low Field 
7. Field rough in texture (caused by recent plowing); 
few, if any, weeds discernible •..•.••• ••.•.•.••.•..•.• Recently Plowed Field 
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A Dichotomous Photo Interpretation Key for Continuous Cover Crops of 
Sacramento Valley, California 
Based on Pan Minus-Blue, Aerial Ektachrome and Ekta Aero Infrared (Color IR) 
Photography (Scale 1/6000; Early Summer Seasonal State) 
1. Crops present •••••••••••.•..•.•.••.•.•..•...••••.••••..•••.• 2 
1. Crops absent ••••.•.•••.•.•.•.•..•.•..•.•.•..•..•.•...•.•• ~.. 8 
2. Crop with mottled or speckl ed appearance ••••...••••.•..•• 3 
2. Crop without mottled or speckled appearance .•••••..•.••• 5 
3. Crop golden brown on ektachrome; reddish golden 
on Color IR ••••.••.•.••.•.•.••.•..•..•.....•.•..•.••.••..... Oats 
3. Crop I ight brown on ektachrome and Color IR ................. 4 
4. Texture fine; I ight t o medium in tone on Pan 
minus-blue, light yellowish brown on ekta-
chrome, I ight whitish brown on Color IR ................. Barley 
4. Texture coarse; 1 ight in tone on Pan minus-blue, 
yellowish brown on ektachrome, whitish brown on 
Color IR •••.•.••••••.••••...•.••.•.•.•......•••••..•.•• ~ 
5. Crop I ight in tone on Pan minus-blue; no row pattern 
apparent; contour dikes normally present ................... Rice 
5. Crop dark in tone on Pan minus-blue; row pattern 
apparent (sl ightly to very distinguishable); no 
contour dikes present •.•••••...•••.•.......••••.••.•....••• 6 
6. Row pattern very apparent; crop not dense; dull 
green on ektachrome, purpl ish red on Color IR •..••..•.• Safflower 
6. Row pattern only sl ightly apparent; crop dense ......... 7 
7. Crop cover appears wavy; very dark green on ektachrome, 
red on Color IR •.•••.•.•••.•.....•......•..•••..•...•..•••. Cotton 
7. Crop cover appears flat; green on ektachrome, bright 
red on Color IR •••••.•••..•..•.• . ••..•••••..•.......•..•.•.• Alfalfa 
8. Field smooth in texture; no evidence of recent 
plowing; random pattern of weeds frequently discernible.Fallow Field 
8. Field rough in texture (caused by recent plowing); 
few, if any, weeds discernible ........................ Recent ly Plowed 
Field 
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A SELECTIVE PHOTO INTERPRETATION KEY 
FOR ROW CROPS OF THE BAY FARM ISLAND AREA OF CALIFORNIA 
USING PANCHROMATIC AERIAL PHOTOGRAPHY 
'---------'- ---------- --- - .-- - ~- - -- -
I 
- - - - - - - - - - - - - - - - - -
IDENTIFICATION OF ROW CROPS 
C. Leek 
Scale 1/3,000 ; Panchromatic Fil m; Wr att en 12 Fil ter 
Stereo ground shot taken from point "A" 
ID-ENTIFYING FEATURES ON AERIAL PHOTOGRAPHY 
Th e matu re c rop i s re la t ivel y dark toned and 
consistent in appearance. The rows· a re d i s t i nct; 
however, the individual plants are i ndistinct . 
The crop is never greater than 18" h i gh. Following 
harvesting there is 1 itt l e residue left; however, 
the rows become difficult to recognize. 
Stereo ground shot taken from point "B" 
-
l 
- -
l 
- - - - - - - - - - - - - - - - -
IDENTIFICATION OF ROW CROPS 
D. Dandel ion Greens 
Scale 1/3,000; Panchromatic Film; Wratten 12 Filter 
Ste reo ground sho t taken from point "AII 
IDENTIFYING FEATURES ON AERIAL PHOTOGRAPHY 
The mature crop is relatively dark toned 
and is consistent in appearance. The rows are 
over 1811 high and spreading, making the furrows 
barely visible. The individual plants are indistinct 
Following harvesting alight toned residue is left 
in the furrows. Two columns of plants approximately 
611 high are left on each row. 
Stereo g round shot taken f rom po i nt 118 11 
---- ------
- - - - - - - - - - - - - - - - - -
IDENTIFICATION OF ROW CROPS 
E. Chard 
Scale 1/3,000 ; Panchromatic Film ; Wr at ten 12 Filter 
.stereo ground shot taken from point "A" 
j DENTIFYING FEATURES ON AERIAL PHOTOGRAPHY 
The mature crop is rel a t ive ly 1 Lght to ned and 
is distinctively speckled, dotted or mott ed in 
appearance. The rows are d i st i nct The individ ua l 
p l ants are discernible due to the l a rge leaves wi t h 
wide white petioles. There is 1 itt l e change in 
crop tone following harvesting beca use only the 
larger leaves are removed from each plant. 
St ereo ground sho t taken from poin t "B11 
-
- - - - - - -
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IDENTIFICATION OF ROW CROPS 
.F .. Turnip 
IDENTIFYING fEATURES ON AERIAL PHOTOGRAPHY 
The mature crop is relatively I ight toned 
and is consistent in appearance. The rows are 
distinct but the individual plants are indistinct. 
Following harvesting a heavy, . ight toned residue 
is left while the rows remain distinctively dark 
toned. 
Stereo ground shot taken from point "Bii 
-
- -
L 
- - - - - - - - - - - - - - - -
IDENTIFICATION OF ROW CROPS 
G. Ch inese Mustard 
IDENTIFYING FEATURES ON AERIAL PHOTOGRAPHY 
The mature crop is re l atively 1 ight toned 
and consistent in appearance . The rows are 
distinct but the individual plants are indistinct. 
Following harvesting a heavy, 1 ight toned residue 
is left on the ground and the rows become obscured. 
Scale 1/3,000; Panchromatic Film; Wratten 12 Filter 
Stereo ground shot taken from point "A" Stereo ground shot taken from point "B" 
-
'I 
- -.-! 
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IDENTIFICATION OF ROW CROPS 
H. Fallow Field 
IDENTIFYING FEATURES ON AERIAL PHOTOGRAPHY 
A fallow field is relative ly 1 ight toned and 
consistent in appearance. Often no rows exist or 
they will appear quite indistinct. Grass cover 
that may have some included weeds produces a 
smooth textured appearance . 
Scale 1/3,000; Panchromatic Film; Wratten 12 Filter 
Stereo ground shot taken from point "A" $tereo ground shot taken from point "B" 
-
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THE INVENTORY OF ROW CROPS ON AERIAL PHOTOS 
In Decembe r a large tract of winter row crops at Bay Farm Island 
in Alameda County, Cal ifornia waS flown with conventional panchromatic 
minus-blue aerial photography at a scale of 1/3000. 
Immediately following the pr ocurmen t of the aerial photos, 
personnel made complete on-the-gro~n d studies of the various 
crop types. In formation pertaining to crop type, age, and harvesting 
methods was obtained from field workmen and the land owners. A total 
of eighteen (18) different crop or field conditions were recorded 
and on-the-ground stereo pair photographs were taken of each. 
~~-----" --" --""- -
-------------------
ROW CROP 
iRadishes 
i 
Celery 
I 
Red Cabbage 
Kale 
Beets 
Leek 
Dandelion Greens 
IRed or Australian 
Lettuce 
Chard 
Parsely 
Turnip 
\",ollard Green 
Chinese or Curly 
... _~af Mustard 
FEASIBILITY OF INVENTORYING ROW CROPS ON AERIAL mOTOGRAPHY 
INTERPRETABILITY 
++ 
+ 
++ 
-
--
-
-
-
+ 
+ 
--
--
--
Data based on : 
Film: Panchromatic 
Filter: Wratten 12 (minus blue ) 
Scale : 1/ 3000 
Seasonal State: Winter 
Location: Bay Farm Island, Oakland, 'California 
IDENTIFICATION CHARACTERISTICS CROPS MOST EASILY CONFUSED WITH 
Rows are 76 inche s wide. None 
Mottled by large, l ight-toned weeds. Parsely 
Mottled by sun's ref lection off leaves. None 
Less than /j high; r ows are distinct. Beets, Leek, Dandelion Greens 
Less t han 8 high; rows are distinct. Kale, Leek, Dandelion Greens 
Less t han /j ' high ; r ows are distinct . Kale , Beets , Dandel i on Greens 
Greater than 8' high; rows are generally 
distinct. 
Kale, Beets, Leek 
Individual plants ai'e distinct. Leek, Turnips, Collard Green, Mustard 
Speclcled by "Tide, white leaf petioles. Red Cabbage 
Plants barely distinct; rounded in form. Celery 
Rows distinct following harvesting. Leek, Lettuce, Collard Green, Mustard 
ROvTs distinct following harvesting. Leek, Lettuce, Turnip, Mustard 
Rows barely distinct following harvesting. Leek, Lettuce, Turnip, Collard Green 
- ----_._--
Legend : 
++ Generally and easi.ly identifiable. 
+ Generally identifiable; but sometimes requiring close study . 
Inconsistently identifiable. 
Unidentifiable 
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SUMMARY OF FINDINGS RELATIVE TO THE AERIAL PHOTO INTERPRETION OF 
ROW CROPS 
Ident ifica tion of row crops on aerial photos is an extremely difficult 
t ask. Not only are all crops very similar in appearance, but each crop may 
also possess great variabil ity. For example, the appearance of crop tone 
and texture on aerial photos changes cons iderably as the crop matures. At 
what age the crop is harvested is dependent on the individual preferences 
of the f arm owners. Also, crop irrigation alters the appearance of each 
crop i n such a way as to further compl icate accurate identification. 
However , some crops are easier to iden tity than others, due to certain 
unique characteristics. In response to this fact, feasibility ratings were 
prepared, as shown on the precedin~ page, indicating the degree of interpre-
tability of each crop analyzed in this study. 
It can be concluded from this I imited study of one agricultural area 
at a single season of the year, and with 1/3,000 panchromatic minus-blue 
photos, that rad ishes and red cabbage can be consistently identified. Celery, 
chard, and parsley can also be identified, but with less confidence. The re-
maining crops studied could not be identi fied on aerial photos taken to these 
specifications. 
It is difficult at this time to ascer tain the feasibility of making ac-
curate inventories of row crops from aerial photos. However, future research, 
it i s believed, will provide photographic specifications. 
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A DICHOTOMOUS PHOTO INTERPRETATION KEY FOR ROW CROPS 
BAY FARM ISLAND, ALAMEDA, CALIFO RNIA 
BASED ON PANCHROMATIC MINUS-BLUE PHOTOGRAPHY 
{Scale: 1/3000; Winter Seasona l State} 
1. Row crops visible {mature} .. " .. ... .. ............................ 2 
1. Row crops sl ightly visible {immature} or nonexistent ............. 12 
2 . Rows 38 inches wi de ....................... .............. .... . 3 
2 . "k Rows 76 inches wi de . . ......... .. .. ....................... Radd i shes 
3. Crop is rel a t ively dark in tone . . ........ ........................ 4 
3. Crop is relat ively I ight in tone .... .. .. ......................... 7 
4. Crop has a distinct speckled, dotted or mottled appearance ... 5 
4. Crop has a consistent appearance ......... ........ . .... . ... .. . 6 
5. Crop is mottled by large I ight toned weeds ..................... *Celery 
5. Crop is mottl ed by the sun1s reflec t ion off large flat leaves. Red Cabbage 
6. Mature crop is less than 8 inches high; rows are distinct; 
furrows are visible . . ......... . . '" ................ Kale or Beets or *Leek 
6. Mature c rop is greater than 8 inches high; rows are 
generally distinct; furrows are barel y visible ....... *Dandel ion Green 
7. Individual p l ants are distinct .... .. .... ............. Red or Aus tral ian Lettuce 
7. Individual p l ants are barely distinct or indistinct (cqnnot 
be dis tinguished from row) ........ .. . ............................ 8 
8. Large leaves with wide white petioles give the crop a 
distinctive speckled appearance .. .. . ...................... *Ch ard 
8. The crop has a consistent appearance ............ . .. ....... .. . 9 
9. No residue is left following harvesting ............... ...... .... 10 
9. A residue (light in tone) is left following harvesting .......... 11 
10. Ind ividual plants barely distinct, rounded in form ....... Parsley 
10 . Ind i vidual plants indistinct ........ ...................... ",Leek 
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11. Rows are very distinct following harvesting ......... *Turnip or Collard Green 
11. Rows are barely distinct following harvesting .... *Chinese or Curly Leaf Mustard 
12. Furrows are very distinct ...... ................. Recently Planted Field 
12. Furrows are barely visible or nonexistent ................... 13 
13. Smooth in texture; no evidence of recent plowing .......... *Fallow Field 
13. Rough in texture (caused by recent plowing) ........... Recently Plowed Field 
* The following 8 pages show these row crops on panchromatic 
minus-blue (Wratten 12 Filter) aerial photographs 
- - - - - - - - - - - - - - - - - -
Grapes: Panchromatic-12; Early Summer Seasonal State 
Scale: 1/3000 
Grapes planted in individual pattern. 
-~..;.~~. ~ 
- : ...::: ,-
'" 
"' 
Stereo ground shot of grapes in 
terrace pattern 
Sca 1 e : 1/8000 
Grapes planted in terrace pattern. 
Identifying Features on Aerial Photos 
1. Plants are either in rows or standing 
alone. 
2. Spacing is between 6 and 14 feet. 
3. Height of vines is less than five feet. 
4. Fol iage is dense. 
5 . Fal iage is medium in tone. 
6. Shadows may have an irregular outine. 
7. Exposed soil appears lighter than 
foliage. 
-
J 
- -
L 
- - - - - - - - - - - - - - - - -
Grapes: Infrared 89B; Early Summer Seasonal State 
Stereo Ground Shot of Grapes Planted 
in an Individual Pattern 
'-~ .4-
Scale: 1/8000 
Identifying Features on Aerial Photos 
l. Plants are either in rows or stand-
ing alone. 
2. Spacing is between 6 and 14 feet. 
3. Height of vines is less than five feet. 
4. Foliage is dense. 
5. Foliage is white to medium in tone. 
6. Exposed so i 1 sppears darker than fol iage. 
---- -,,---- ---
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SELECTED ILLUSTRATIONS FOR THE IDENTIFICATION 
I OF VINE CROPS OF SACRAMENTO VALLEY, CALIFO RNIA USING AERIAL PHOTOGRAPHY 
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I 
RECOGNITION FEATURES OF VINEYARDS 
SACRAMENTO VALLEY, CALIFORNIA 
(Early Summer Seasonal State) 
GRAPES 
Vineyards normally exhibit one of two easily recognizable character-
istics. The plants form either long, moderately spaced (6 to 14 feet) rows, 
or they form a square, orchard-like pattern. Although size varies with the 
variety of grape, the height of the plants is usually less than five feet, and 
the woody parts are concealed by foliage. Individual plants often have droop-
ing branches which reach the ground. The shadow pattern of grape vines does 
not give any clue as to the shape of the bearing plant with the exception that 
the foliage of recently pruned vines may not extend to the ground. On large 
scale photography, individual tendrils radiating from the main plant may cast 
visible shadows, giving a ragged appearance to the shadow of the plant or row. 
Although varieties of grapes may have tonal differences on Panchromatic-
12 film, they appear medium grey with, at times, a mottled irregular texture. 
Infrared-89B images of vineyards are a light grey tone. On Aerial Ektachrome 
photography, vineyards vary in color from medium to dark green and they are 
pinkish red on Ekta Aero Infrared film. 
_J 
-.. 
L 
- - - - - - - - - - - - - - - -
Grapes: Aerial Ektachrome; Early Summer Seasonal State 
Stereo Ground Shot of Grapes Planted 
in an Individual Pattern 
Sca I e: 1/8000 
Identifying Features on Aerial Photos 
(Area outl ined on the above aer ial pho t os 
is a vineyard.) 
I. Pl an t s are either in rows or stand-
ing alone • 
• 2. Spacing is between 6 and 14 feet. 
3. Height of vines is less than five feet. 
4. Fol iage is dense. 
5. Fol iage i s medium to dark green. 
6. Shadows may have an irregular outl ine. 
7. Exposed soil usually appears light 
yellow. 
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I SELECTED ILLUSTRATIONS FOR THE IDENTIFICATION 
I OF IRRIGATED PASTURES OF SACRAMENTO VALLEY, CALIFORNIA , USING AERIAL PHOTOG RAPHY 
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RECOGNITION FEATURES OF IRRIGATED PASTURES 
SACRAMENTO VALLEY, CALIFORNIA 
(Early Summer Seasonal State) 
The field size of an irrigated pasture is comparable to that 
of continuous cover crops; both normal ly are enclosed by fen ces. 
Irrigated pastures are used for grazing of many different types of 
livestock; however, pastures for dairy cows and horses are most 
common in the study area. No particular type of vegetation is designed 
for irrigated pastures; a mixture of alfalfa, clover, grasses and 
weeds is most common in the study area. For identification ~urposes, 
several features normally are available as clues to assist the photo 
interpreter. Useful characteristics are: paths and trails which 
meander through the fields (often converging at a trough or gate), 
fences, irrigation ditches, watering troughs and feeding troughs. 
On Panchromatic-12 photography irrigated pastures usually 
appear dark in tone, although their tonal characteristics are 
somewhat variable. (This film-filter combination is particularily 
useful for inventorying I ivestock, especially when the vegetation is 
a lush green.) On Infrared-89B photography the vegetation of the fields 
appears light in tone . On Ektachrome film the pastures are grass 
green. On Ekta Aero Infrared film they appear pinkish red. 
- - - - - - - - - - - - - - - -
Irrigated Pasture: Late Summer Seasonal State 
Scale: 1/3000 Panchromatic-12 Scale: 1/6000 Panchromatic-12 
Scale: 1/3000 Infrared-89B Scale: 1/6000 Infrared-89B 
Panchromatic film with a Wratten 12 filter is the most optimum combination for inventorying 
most animal types on a green grass background. Total horses present in the area outl ined 
on the above aerial photos is 13. 
1 
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Irrigated Pasture: ' Early Summer Seasonal State 
Scale: 1/8000 Panchromatic-12 
Total animals present; 45 cattle 
ground shot taken from point "A" 
Scale: 1/8000 Panchromatic-12 
Total animals in encircled area: 77 cattle 
ground shot taken from po i nt "B" 
. ~I 
., 
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a few moments after the aerial photography a few moments after the aerial photography. 
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